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Science Exits the White House 



Continuing our series " The Figlit for Peace and You 



Embosograf Company 
1430 Wrightwood Avenue 

Dear Sirs : 

I have been following your series of advertisements 
on ' what can one man do to contribute toward a bet- 
ter world' ' 

I notice that the problem of disarmament has not ap- 
peared in your series. I realize that to many people 
the danger of nuclear war no longer seems imminent as 
it has in the past. 

But, despite some noteworthy advances this danger is 
still with us, presenting just as frightening a vision 
of the apocalypse as it ever has. 

I urge you and your readers not to lose their vigilance, 
to continue to work for disarmament and towards a de- 
crease in the power of the military. The publics' aware- 
ness of these dangers needs to be more noticeable to our 
politicians . 



Midnight is still too close for comfort. 




Yours sincerely, // / 



/ 
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Communications 



Genetic Engineering 

James Danielli in his contribution 
to the symposium on genetic engi- 
neering ("Artificial Synthesis of 
New Life Forms," Bulletin, Dec. 
1972) has rightly reminded us that, 
genetically, man is still a barbarian 
clad in the trappings of a civiliza- 
tion created by only a few men. Is 
it not also true that our civilization 
has often been threatened in the 
past and is even now by only a few 
men who constitute the political 
leadership of nations? They are 
the true barbarians who would de- 
stroy all life on Earth rather than 
compromise on matters allegedly 
affectii^ national honor or inter- 
est. The vast majority of men, as 
Danielli points out, are consumers 
rather than originators of civiliza- 
tion. 

I am all for genetic engineering 
if it can exercise the brute in the 
temporal leaders of mankind— the 
decision-makers in our civilization. 
But genetic engineering, like phys- 
ics, may be so much easier than poli- 
tics, to paraphrase Einstein. 

Rikhi Jaipal 

Permanent Mission of India 

to the IAEA 
Vienna, Austria 

Energy Limits 

We owe Carl Barns (Bulletin. 
Feb. 197!i), as well a,s other critics 
of "Global Effects of Increased Use 
of Energy" (Bulletin, March 1972), 
an explanation of what were and 
what were not our aims in writing 
this paper. Our primary purpose 
was to uncover obvious geophysical 
limits to man's generation of energy. 
In doing this, it was necessary to 
make .some a.ssiiniplions, both with 
regard to the ultimate world popu- 
lation and with regard to the per 
capita generation of energy. We 
purposely chose extrapolations that 
seemed to be generous since we 
were concerned with upper limits. 
Twice the present U.S. per capita 
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energy expenditure seemed to be 
adequately generous; and 15 to 20 
billion people is an ultimate popu- 
lation that many demographers re- 
gard as ine\ itable. As we say in our 
paper, "'Because we aie prepared 
to discuss the consequences of pro- 
viding for 15,000 million people 
does not mean that we see this even- 
tuality as anything but a catastrophe 
—we accept it only because we see 
no practical, humane way to pre- 
vent it." We were not trying to 
visualize the social institutions 
that would obviously be needed to 
achieve stability in such a world, 




or even to show how we go smooth- 
ly from the present world to this 
ultimate world. 

Oin- analysis cannot be regarded 
as more than a zeroth order approxi- 
mation. We believe that the zeroth 
order geophysical effect— global 
heating of the earth— is reassuringly 
low. The discrepancy Barus notes 
between our estimates of global 
heating according to the Stefan- 
Boltzmann law is indeed an error. 
The correct values for 15 x 10® and 
20 X 10* people at 20 kilowatts 
(thermal) per person are 0.18° C and 
0.24 °IC, respectively. This discrep- 
ancy in no way changes our major 
conclusion that man's energy pro- 
diKlitm probably will not increase 
the temperature of the globe very 
much. We must concede that second 



order effects, such as significant 
changes in the earth's albedo, could 
change our conclusions, and we 
would urge that much serious at- 
tention be given to these obv iously 
comple.x cjuestions. The other bogies 
that have been raised — mining 
wastes, radioactive waste disposal, 
availability of nuclear fuel— seem 
to us not to present insoluble tech- 
nical problems or unacceptable 
geophysical limits. 

The differences between 20 bil- 
lion and 15 billion persons and 12 
quintillion Btu (Q) and 9 Q per year 
do not materially affect our con- 
clusions. Our assumed per capita 
energy budget was chosen, not to 
permit a relaxed continuation of 
growth, but as essential to a drastic 
effort to maintain the ecological 
balance of the earth in the face of 
dwindling resources, leaner ores 
and accelerated development of 
backward areas. We foiuid there are 
plenty of the basic raw materials; 
but increasingly more energy is 
needed to acquire them and to clean 
up afterward. 

Barus is correct in noting that 
most of the population growth and 
energy increase will be outside the 
United States. But we see no basis 
for his statement that the United 
States can help matters elsewhere 
by curtailing its own productivity 
and imposing poverty upon Amer- 
ica. Rather we should redirect our 
priorities to help other peoples con- 
trol population, intensify their agri- 
culture and utilize their resources. 
We believe that this requires in- 
creased personal productivity and, 
therefore, energy. 

That we have been unable to un- 
cover obvious geophysical limits 
(other than local heating) set by an 
energy budget of around 10 Q per 
year certainly does not mean that 
we see clearly how the underdevel- 
oped parts of the world are going 
to acquire the social stability neces- 
sary to develop and, incidentally, 
increase their per capita energy 
demand. In this sense our paper, 
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though technologically optimistic, 

implies that profound social prob- 
lems will certainly have to be dealt 
with if a society as large as we may 
have to cope with is ever to succeed. 

R. Philip Hammond 
Alvin M. Weinberg 

Oak Ridge .Xalional Laboratory 
Oak Ridge, Tenn. 

The Nnmbers Game 

In "The Nimibcrs C'.anic in Naval 
Strategic Balance" {Bulletin, Jan. 
1973), Richard 1). English and Dan 
I. Bolef correctly cite the fallacies 
of counting ships when addressing 
the "strategic naval balance." This 
is one of the threat problems of ana- 
lyzing naval affairs; we are too often 
misled by the "numbers game.** 

However, when the authors use 
the same approach to the numbers 
game which they criticize, and dis- 
play an alarming lack of knowledge 
of basic naval matters, then the 
entire article becomes counterpro- 
ductive. 

I am particularly disturbed be- 
cause the authors continually cite 
(and misquote) Jane's Fighting 
Ships. 1971-72 as a source of data; 
I am responsible for much ot the 
content of that volume. 

The article begins with a discus- 
sion of budget allocations to the 
armed services, with the authors 
statinj^ that "the Na\ y has been treat- 
ed quite handsomely" in recent 
budgets. The table below presents 
the portion of the two budgets dis- 
cussed, fiscal years 1972 and 197!!, 
that were allocated to the armed ser- 
vices. These were the first budgets 
since the armed forces unification 
in 1947 wherein the Navy received 
the largest share of the budi;et; 
the percentage differences hardly 
indicate the Navy is being treated 
"quite handsomely." 

More significant than the au- 
thors' version of the nimibers game, 
what is wrong with the Navy re- 



ceiving the largest share of a budg- 
et? The increasing vulnerahilitv of 
fixed niiiilarv systems and certain 
aspects of the Nixon doctrine, such 
as a reduced U.S. military profile 
overseas, make good arguments for 
increased sea-based forces if ue 
desire to withdraw forces from for- 
eign territory. 

The authors go on to contend 
that Navy news releases do not men- 
tion ■ the \asi smiis to which [new] 
programs commit us if the projects 
are to reach completion." A reading 
of any major U.S. newspaper during 
the past few years reveals that many 
potential "billion dollar" defen.se 
programs are described in depth; as 
I recall, it was the Secretary of the 
\a\v hiniseU who stated in jniblic 
that the planned CVN-70 carrier 
would cost $1 billion. Of couisc. 
billion dollar projects are not limit- 
ed to the Navy, witness the Air Force 
li-l strategic bomber and the ill- 
fated Army Safeguard ABM, and the 
main battle tank. 

With respect to the specific proj- 
ects mentioned by the authors as 
being "not oflen mentioned," there 
are many pounds of Congressional 
hearings available to the public 
that describe in considerable detail 
the CVN-70 carrier, SSN-688 attack 
submarine, and Trident/ULMS mis- 
sile submarine. 

The authors then proceed to dis- 
cviss Ibc Triclenl/l'I.MS project, 
an improved missile submarine 
concept to eventually replace the 
Polaris/Poseidon submarine forces. 
They quote former Secretary of 
Defense I.aircl on ihe high sur\i\- 
ability of present missile subma- 
rines, and then ask if expenditures 
for Tridenl/l^LMS aie justified. 

Obviously, missile submarines 
are more surxivable and flexible 
than fixed, land-based strategic 
forces (bombers and ICBMs). Then 
why not put additional funds into 
your besi svsicni available? Also 
significant in llu author's context, 
the initial Irident/ULMS effort 



will provide existing submarines 

with a longer-range missile, improv- 
ing their survivability and flexi- 
bility as Soviet naval capabilities 
improve. 

But in 1979. when the prototype 
Tridenl submarine becomes opera- 
tional, the U.S. Polaris/Poseidon 
submai ines will be 12 to 19 years 
old; a decade later, when a Trident 
flotilla could be at sea, the Polaris/ 
Poseidon submarines would be 22 
to 29 years old, obviously in need 
of replacement by newer and quieter 
missile submarines. These numbers 
represent facts that the authors 
carefully avoid in their discussion. 

The authors next turn to the So- 
viet Navy, citing the excellent book 
Soi-icI .Vm i// StrdlcffV by Robert W. 
llcrrick to conclusively slate that 
.Soviet naval strategy is primarily 
deterrent and defensive. . . ." Un- 
fortunately for the authors, Her- 
lick completed his studv in the 
mid-iybOs, before we saw several 
major and significant changes in 
the Soviet Navy, among them emer- 
gence of many new surface war- 
ship and submarine classes that 
gave the Red Navy a new shape. 
For example, since the book was 
published the Soviets have com- 
pleted more than one new nuclear 
submarine design per year. These 
include the Yankee and Delta nu- 
clear missile .submarine classes, 
the latter with a strategic missile 
capable of striking targets some 
4,500 miles from the firing sub- 
marine— abo\it the range of the 
plunned I rident Phase I missile. 

Similarly, there now is no ques- 
tion but the "large" ship the So- 
viet Union is building is an "air- 
craft carrier" — a ship to e.xlend the 
range of Soviet naval air activities 
far from Red shore bases. 

The authors carefully avoid any 
"numbers" that could be critical of 
their points. They note the impor- 
tance of citing nuclear propulsion 
•when comparing U.S. and Soviet 
warships. Rut the U S. Na\y has 
only toiu' nuclear propelled siu face 
ships in service. Slightly more 
than one per cent of the active fleet. 
The impact of these four ships 
and sc\ en nuclear ships under con- 
struction on a comparison is limited, 
for in ihis instance lack of quantity 
tends to degrade quality. 
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34.56 
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33.2 


31.2 
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Similarly, the authors address 
missiles on U.S. and Soviet ships 
while steadfastly avoiding certain 
numbers. Of the missiles mentioned, 
the U.S. Navy has Talos (our lon^;- 
est range missile) on four ships; it 
is, of course, primarily an anti- 
aircraft and not anti-ship missile. 
The cited Soviet Shaddock missile 
is today operational in eight cruisers 
and some 50 submarines. 

Midway through the article the 
authors begin extensive citations 
of the annual Jane's Fighting 
Ships. I am entirely responsible 
for the contents of the U.S. section, 
and have been for several years, 
as stated in the book. Thus, I am 
confused by the constant reference 
to diesel-propelled aircraft carriers, 
and other surface warships. None 
of the U.S. surface ships cited as 
being diesel/propelled is in fact 
so powered. 

When the authors compare Jane's 
listing of U.S. and Soviet cruisers, 
which they had warned was a dan- 
gerous practice, they include U.S. 
frigates to change an alleged 3:1 
advantage claimed for the Soviet 
Union to a 3:1 advantage against 
the Soviet Union. However, they 
make no mention of over 18 Soviet 
Kashin class missile frigates which 
are among the world's most ad- 
vanced warships and which compare 
most favorably to U.S. frigates. 

In a most confusing nmnner they 
compare U.S. small mi.ssile/gunboat 
craft with the Soviet Navy's "light 
forces." Here we have a most ludi- 
crous comparison of .some 21 U.S. 
craft (four of them prototypes) with 
several hundred Soviet craft, and 
two U.S. missile-armed craft with 
more than a hundred Soviet mis- 
sile boats, the largest of these "boats" 
some 200 feet long. 

Of course, all naval strength 
comparisons which the authors pro- 
vide are misleading because they 
do not address ship age, construc- 
tion rates or ship capabilities (e.g., 
Soviet warships generally are more 
heavily armed iintl faster than U.S. 
ships). 

Next, the authors contend that 
"NATO has never had or needed a 
cruise missile capability." In fact, 
we see frantic efforts by NA 1 O to 
develop and deploy such weapons, 
among them the Norwegian Pen- 



guin, French Exocet, and U.S. 
Standard and Harpoon. 

With respect to NATO, the au- 
thors state the alliance is out- 
building the Soviet Union in nu- 
clear submarines. Diiring the past 
three years the USSR has built 
at least 35 nuclear submarines 
compared to 28 for NATO; Soviet 
nuclear submarine construction cap- 
abilities are now more than double 
that of all NATO shipyards com- 
bined (or three times should the 
Soviets go to an around-the-clock 
schedule). 

The errors of fact and interpre- 
tation could continue. Of signifi- 
cance, the 1972-1973 edition of 
Jane's Fighting Ships, available 
six months before the article was 
published, shows a continuing re- 
duction of U.S. naval forces; the 
1973-1974 issue will show even more 
reductions, while on the Soviet 
side there is stability of ship levels 
and considerable improvements in 
capabilities. 

Finally, the authors must be 
charged with viewing naval war- 
fare in an outdated, World War II 
context — situations that are no 
longer valid because of strategic 
weapons, guided missiles, electron- 
ics, nuclear propulsion, etc. True, 
a World War Il-era tanker may not 
be "worth" a cruise missile in some 
scenarios, but today's tanker carries 
10 to 20 times the cargo of a tanker 
built in 1945. Such a target with sev- 
eral hundred thousand tons of oil 
would be "worth" a cruise missile. 
At the same time, with some 25 
ocean-going surface warships, over 
60 submarines, and about 285 jet 
bombers equipped with anti-ship 
cruise missiles, the Soviets will aim 
such weapons at more targets than 
the 14 attack aircraft carriers now 
flying U.S. colors. 

The increasing importance of 
the seas in today's political, mili- 
tary and economic environments 
demands studies and analyses of 
"sea power" or (my preference) 
"use of the sea." Hopefully, such 
studies and analyses will be more 
accurate and more meaningful than 
the effort by English and Bolef. 

Norman Polmar 

Editor, U.S. section 
Jane's Fighting Ships 



Response 

With respect to the "display 
(of) an alarming lack of knowledge 
of basic naval matters," we wish to 
respond briefly to several of the 
items cited by Polmar: 

1. Budget Allocations. We appre- 
ciate the figures cited by Polmar, 
since they indicate remarkably well 
that the Navy is being treated "quite 
handsomely" (.35.5 per cent is 
equivalent to $28.7 billion of the 
$80.9 billion estimated expenditures 
for fiscal 1973). 

2. Soviet Naval Strategy. Neither 
Robert Herrick nor we claimed 
that his (or our) arguments were 
"conclusive"— that word is Pol- 
mar's. Herrick 's book was published 
in 1968. The characterization of the 
Soviet Navy, which immediately 
followed Herrick's quote, was made 
by U.S. Naval Chief of Staff Admiral 
E. R. Zumwalt, Jr., in a letter to' 
Senator Proxmire dated June 2, 
1972. He described the Soviet Navy 
as "a navy in support of a nation 
who.se vital interests are those of 
a land power . . . designed to pre- 
vent the U.S. Navy from carrying 
out its mi.ssion." Since the primary 
U.S. Navy mission in the European 
area is to launch attacks on the USSR 
and its allies, this quote indicates 
that Admiral Zumwalt agrees with 
Herrick's view, not Polmar's. 

3. Naval Vessel Power Plants. The 
two important categories of power 
plants for naval vessels are nuclear- 
powered and nonnudear-powered. 
For the latter we incorrectly used 
the term "diesel-propelled"; we 
should have used the term "conven- 
tionally propelled" or, best of all, 
"nonnuclear propelled." 

We are taken to task with respect 
to a number of technical factors. 
Polmar is concerned, for example, 
that we attach undue importance 
to nuclear propelled ships. We 
merely repeated the well-known 
advantages of nuclear power. The 
smallness of the U.S. nuclear sur- 
face fleet is obvious from our Table 
1, in which ship types are distin- 
guished by power plant. With re- 
spect to missiles on U.S. and So- 
viet ships, our purpose was to show 
why the numbers game tactic of 

f Cnntinued on page US) 



PRESIDENT NIXON'S 1973 

REORGANIZATION PLAN NO. 1 



F. A. LONG 



Two of the three proposals of the first Reorgani- 
zation Plan of 1973, which President Nixon for- 
warded to Congress on Jan. 26, call for abolishing 
White House advisory bodies for science and 
technology. If the overall message had called for 
new, improved advisory mechanisms to replace the 
old, scientists and engineers might have been flat- 
tered by this prompt attention to their affairs. 
As it is, their attention is much more likely to be 
involved in examining just what they have lost 
and in speculating on the efficacy of the projected 
replacements. 

In the White House fact sheet which accompanied 
this Plan, the proposed actions were summarized 
as: 

"1. The Office of Emergency Preparedness 
(OEP) will be abolished and its functions trans- 
ferred to other line agencies; 

2. The Office of Science and Technology (OST) 
will be abolished and its functions transferred to 
the Director of the National Science Foundation 
(NSF); 

3. The National Aeronautics and Space Council 
will be abolished." 

The plan also announces the President's inten- 
tion to ask H. Guyford Stever, current Director 
of NSF, "to take on the additional post of science 
advisor." Since it is also very widely understood 
that the President's Science Advisory Committee 
(PSAC)has been abolished (or at least made inop- 
erative), and since Science Advisor Edward David 
and his Deputy John Baldeschwieler have already 
departed— the net effect is to eliminate any science 
and technology "presence" from the inner circle 
of the President's Executive Office. A further point 
is that, as science advisor, Stever will apparently 
normally report, not to the President, but to Presi- 
dential Assistant George Shultz; indeed, to Ken- 
neth Dam, one of Shultz's assistants. Dam, char- 
acterized by one of his Washington colleagues as 
"an overworked young lawyer from the budget 
office," has reportedly been designated as staff 
contact for science and technology. 

■The reactions of the science and technidogy 
community to these substantial changes will neces- 
sarily involve an overall assessment of their con- 
sequences. How will the Director of NSF move to 
carry out his new responsibilities? What other 



WHERE DO SCIENCE 
AND TECHNOLOGY 
GO NOW? 

The presidential science advisory ap- 
paratus, Inaugurated by President Elsen- 
hower nearly SO yean ago, has been ousted 
from the White House under President 
Nixon's Reorganization Plan. Its functions 
have been transferred to the National Sci- 
ence Foundation. How effective can the 
Feimdatlon be In carrying them out? Hie 
question is a critical one for the American 
scientific community, for It bears directly 
on the future of federal support of scien* 
tific research and education and of tiie ef* 
feettveness of scienee and technology as a 
national resource. 

In tiiis article, Franldln A. Long, a former 
member of Oie Presldenrs Sdenee Advi- 
sory Conmiittee and a consultant to federal 
agencies, examines the Implications of the 
reorganization plan as it affects the rela- 
tionship between the scientific conmiuni^ 
and the President. He assesses the capa- 
bfllty of NSF of carrying out the functions 
of the defunct Office of Science and Tech- 
nology, the President's Science Advisory 
Committee and the Science Advisor and his 
deputy. Professor' Long, a chemist. Is di- 
rector of the Program on Science, Tech- 
nology and Society at Cornell University. 

individuals and groups are likely to become in- 
volved in any new set of operating procedures? 

A first and fundamental point is that the Presi- 
dent clearly has the prerogative to restructure 
the Executive Office in the way he wishes. Given 
this, it is highly probable that Congress will raise 
no formal objection, since it would seem almost 
self-evident that no President should be expected 
to maintain an advisory system which he feels is 
not appropriate to his needs. Specifically, if a 
President feels no need for a science advisory 
system such as represented by PSx^C and the Sci- 
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ence Advisor who chaired it, he should surely be 
free to abolish it. Similarly, if Executive Branch 
offices such as OST and the National Aeronautics 
and Space Council offer no useful function to a 
President, he should again be free to abolish them. 
One might even argue that, in the interest of ef- 
ficiency and economy, he really onghl to eliminate 
activities for which he has no need. With respect 
to the current reorganization, the White House 
explicitly notes that "it reduces the number of 
employees in the Executive Office by 389 positions 
(from 4,250 to 3,8611, and achieves an estimated 
$2,000,000 in budget savings." Furthermore, as the 
White House sees it, there are significant gams 
other than just the saving of money. In the words 
of the announcement: "It [the Reorganization 
Plan] transfers necessary continuing functions to 
line departments and agencies where they can 
be better performed; it streamlines the Executive 
Office and contributes to making it more effective 
and responsive to Presidential needs." 

What Have They Done? 

On the negative side of these projected gains, 
what are the losses, and for whom? To look at this, 
it is useful to recall what PSAC, OST, and a full- 
time Science Advisor have done in response to 
major national problems. Put another way, what 
have they done which went beyond day-to-day 
advice-giving which, at least in the case of the 
Science Advisor and PSAC, was the reason for 
theur establishment? 

The Ptesident's Science Advisory Committee 
has for some years been a vigorous group of from 
15 to 20 part-time advisors, chaired by the full- 
time Science Advisor, and explicitly committed 
to working four or five days a month at their PSAC 
responsibilities. Meetings of the full PSAC com- 
mittee involved two days a month; however, the 
principal work of PSAC has always been done by 
panels chaired by PSAC members but with the 
large majority of members brought in from out- 
side PSAC. (As a typical example, during the two 
or three years I chaired a PSAC panel on U.S. 
Space Programs, the total panel size was approx- 
imately 15, of which only two or sometimes three 
came from PSAC itself.) The caliber of the out- 
side members of the PSAC panels has been ex- 
ceedingly high. In some measure, this must be 
attributed to the prestige that accompanied work- 
ing with the President's Science Advisory Com- 
mittee, i.e., working literally in the shadow of the 
White House. 

All of PSAC's panels -and PSAC itself - 
operated as confidential Presidential advisors. 
The firm understanding was that PSAC panel 
reports normally circulated internally (within 
the government) were published and distributed 
to the outside world only in special instances and 
with explicit Presidential approval, lifony of the 
PSAC panels dealt with military and intelligence 
programs, so that the data they examined and 



reports they issued were classified. On the other 
hand, the occasional published reports from PSAC 
were often of considerable influence. I recall, for 
example, the Mriy report on graduate education 

from a PSAC panel chaired by Glenn Seaborg, as 
well as a much later report on world food supply 
from a PSAC panel chaired by Ivan L. Bennett. 

The Office of Science and Technologfy provided 
support staff to these many PSAC panels. In ad- 
dition, it accomplished substantial study efforts 
on its own initiative. Typically, OST staff members 
were hired because of their professional qualifi- 
cations; one might be a specialist in water 
-resources, another might be particularly know- 
ledgeable on space research programs, and so 
forth. 

Perhaps the most important functions of OST 
were its internal studies of total U.S. programs 
in specific areas of science and technology, and its 
programs of coordination of the separate federal 
efforts. The Science Advisor, who was also Direc- 
tor of OST, served as chairman of the Federal 
Council for Science and Technology (FCST), the 
explicit coordinating mechanism for the many 
science and technological programs that cut across 
the responsibilities of the different departments 
and agencies of the federal establishment. 

Coordination Problem 

The overview and coordinating responsibilities 
of OST were a natural response to the fact that 
particular fields of science and technology were 

often of importance to several quite differently 
oriented federal agencies. For example, some half 
dozen federal agencies and some scores of offices 
within these agencies have partial concern and 
responsibility for the United States efforts in water 
resources. Given this fragmentation, the problem 
of coordination is of great consequence. (I mention 
this particular example partly because one of my 
colleagues, Leonard Dworsky, who is director of 
Cornell's Center for Water Resources, spent 18 
months in Washington on the OST staff working 
on just this coordination problem.) 

OST through its Director also played a signifi- 
cant role in science-advising for Congress. Although 
the Science Advisor in his role as Presidential 
Assistant was not available to Congressional com- 
mittees, he was (with some inescapable ambiguity) 
accessible in his capacity as Director of OST. ^rlier 
directors, notably Jerome Wiesner and Donald 
Homig, were frequently called on by Congressional 
committees. 

The spectrum of activity in which the Director 
of OST and its Deputy Director were mvolved 

was wide ranging and complex. Science Advisor 
to the President; Director of OST; Chairman of 
the Federal Council for Science and Technology; 
Chairman of PSAC— these were the formal assign- 
ments. Of at least equal importance was the task 
of coordinating international programs of science, 
and frequently serving as spokesman and repre- 
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sentative for the President in international sci- 
entific affairs. 

An important characteristic of the Science 
Advisor's Office was its capacity for rapid response. 
One of the lessons from the crisis caused by the 
USSR launching of Sputnik in 1957 was the dif- 
ficulty which the government experienced in 
rapidly mobilizing the scientific and engineering 
talents of the country to respond to the crisis. 
A considerably less momentous (but far sharper) 
emergency occurred in 1965 when there was an 
electric blackout over most of the northeastern 
United States. On that occasion, the President 
turned to his Science Advisor, who rapidly or- 
ganized an information-gathering network to keep 
the President abreast of developments. Lower- 
level national emergencies occur with greater 
frequency, but by no means always require the 
attention of a Science Advisor placed next to the 
President. Even so, in times of rapid technical 
change, the availability of a Science Advisor 
with an able staff ought to provide important 
reassurance to the President as well as to the 
public. 

To summarize, the principal functions of the 
Science Advisor, OST and PS AC were these: 

1. To give advice to the President and other 
Executive Branch personnel as requested. 

2. To serve as a focal point for all of U.S. science 
and technologfy and, as viewed from outside, to 
serve as a communications channel for scientists 
and engineers into the Executive Branch of the 
federal government. The activities of the Science 
Advisor in programs of international science were 
an important manifestation of this focusing effort. 

3. To carry on studies of problems of science and 
technology through PSAC and OST panels and 
staff activities. 

4. To assume a coordinating role for programs 
of science and technology throughout the federal 
government, partly through OST staff activities 
and partly through support of the Federal Council 
for Science and Technology. 

5. To evaluate on behalf of the President the 
many proposals with high scientific and technologic 



content which were recommended by the individual 
federal agencies. (Philip Handler, president of the 

National Academy of Sciences, has publicly pointed 
to this as the function whose lo.ss he most mourns.) 

6. To serve Ithrough the Director of OST) as an 
advisor and as a communications channel to Con- 
gressional committees. 

As components of the Executive Offices of the 
White House, OST, PSAC and the Science Advisor 
have all enjoyed the advantages of any "in-house" 
activity. Access to data is easy; reporting is direct; 
the level of influence, which comes from being close 
to the President, can be high. However, as Joel 
Primack and Frank Von Hippel have stressed in 
a recent study of the comparative effectiveness 
of advisory groups, there are also drawbacks to 
being an in-house activity. The princ ipal drawback 
is an inside group implicitly accepts an oath of 
silence if the advice is contrary to Presidential 
policy. Thus, it was rumored back in 1969 that 
PSAC was not in favor of U.S. development of 
the Presidentially recommended anti-ballistic 
missile system. However, no formal hint of any such 
position was ever made public. In contrast, one 
of the more damning aspects of PSAC's activities, 
at least as far as the White House was concerned, 
showed up in the gradual revelation that there was 
an unpublished PSAC panel report in existence 
which contained some strongly negative remarks 
about the supersonic transport airplane (SST). 

It has been a common rumor in Washington 
during the last two or three years that both PSAC 
and OST have been substantially less effective 
than in earlier years. In some measure this is 
bound to be the governmental and public reaction 
to an inside advisory group whose mentor, in this 
case the White House, no longer finds the advice 
very interesting. However, in the eyes of some 
critics, the situation went beyond this. Witness, 
for example, the remarks on PSAC and OST which 
appear in Aviation Week and Space Technology 
in a Feb. 5 editorial, entitled, "A Hard-Nosed 
Budget": 

The PSAC track record was not very bright in the last 
decade and Mr. Nixon apparently believes it unneces- 
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sary to pay forbad advice. Similarly, the Office of Science 
and Technology has performed no useful function for 
many years and will not be missed, except by those who 
collected federal salaries on its staff. 

To complete the indictment, this editorial goes on: 

The National Aeronautics and Space Council was brightly 
conceived in the early dawn of the space age but never 
fulfilled its announced purpose. Its abolition will detract 
nothing from the role of science and technology in gov- 
ernment. 

Although I would quarrel seriously with the 
negative view of the effectiveness of PSAC and 
OST, and by implication that of David and Bal- 
deschwieler, I must agree with the final comment 
on the National Aeronautics and Space Council. 
The evidence of its ineffectiveness is persuasive, 
and goes back almost to its inception. The nation 
will not miss it. 

Furthermore, even a sympathetic observer must 
note difficulties and awkward aspects of both 
PSAC and OST. The former was not entirely what 
its name implies, the President's Advisory Com- 
mittee, in that its policy of definite terms of ap- 
pointment for members meant that a new President 
was presented with a group of not-necessarily- 
sympathetic holdovers from a previous Adminis- 
tration. In some measure, this same problem en- 
tailed for OST. Also, in spite of its $2 million budg- 
et, OST could not itself staff many of the major 
studies for which its broad responsibilities called 
and, consequently, was forced to ask for help from 
sometimes reluctant operating agencies. As one 
example, in the spring of 1971 OST tried, but failed, 
to establish a major study of the U.S. energy pro- 
gram by soliciting cooperation and funds from the 
principally involved federal agencies. 

But let me return to the abolition of the three 
offices which, whatever their defects, clearly have 
been important to the recent development and utili- 
zation of science and technology in the United 
States: the Presidential Science Advisor, located 
in the Executive Office; the President's Science 
Advisory Committee; and the Office of Science and 
Technology. What is lost in having these offices 
abolished and their functions transferred or elimi- 
nated? 

In general terms, what we are losing is clear. 
Science and technology lose a channel to the White 
House, a loss which Philip Handler has called 
"extremely serious." Also lost is the coordinating 
and ambassadorial role of the President's Science 
Advisor in many fields, notably international sci- 
ence and technology. Finally and most seriously, 
the nation has lost a $2 million effort of study, over- 
view and coordination of the internal U.S. programs 
of science and technology which previously was 
carried out by groups (OST and PSAC) which could 
in some measure speak with the authority of the 
White House. To replace these the Director of the 
NSF has two new assignments, so the next ques- 
tion is: How and to what degree can he and his 



organization take on these several additional func- 
tions? 

What about the programs and activities which 
occupied the full-time Science Advisor and hi.'; 
deputy? Some modest fraction of their multiple 
responsibilities can probably be absorbed within 
NSF by reassignment. Certainly Director Stever, 
by increasingly becoming the "outside man" for 
NSF, should be able to discharge effectively many 
of the international responsibilities previously 
carried out by David and Baldeschwieler. How- 
ever, the evident problem is: Can you possibly 
replace two full-time and competent people with 
the part-time effort of an already busy agency 
director, no matter how competent? One must con- 
clude that, in the absence of major NSF expansion 
and perhaps internal reorganization, many of the 
functions carried out by David and Baldeschwieler 
will disappear. 

Considerable concern has been expressed over 
the comparative remoteness of NSF from the White 
House, inferring that it will become much harder 
to insert advice on science and technology into 
the decision-making system. This is a common 
Washington worry; there is even a "law" which 
states that the influence of an advisory group 
upon decision-making in the White House decreases 
with the square of the distance away from the 
President's office. In rebuttal, one could note 
that the Department of Defense is physically al- 
most the farthest removed from the White House 
of all the major federal agencies, and its advice 
seems to arrive with a high signal strength. More 
seriously, one strongly suspects that what prin- 
cipally counts in the advice-giving process is the 
persuasiveness of the advice as evidenced by the 
depth of study, the coordination with other agen- 
cies and the responsiveness to priority problems. 
With these in mind, let us turn to the projected 
transfer of the functions of OST to the Director of 
the National Science Foundation. 

When the NSF was founded in 1950, it was as- 
signed substantial responsibilities for an overview 
of science and development in the United States 
and for evaluating the activities of other federal 
agencies in scientific research. Not surprisingly, 
since it was a new, small and weak organization, 
NSF made almost no attempt to assume these 
evaluation and overview responsibilities; it was 
in some measure in response to the gap so created 
that PSAC and, ultimately, the Office of Science 
and Technology were established. In returning 
the functions of OST to the NSF, the nation has 
gone full circle. One might therefore ask whether 
a lack of will and competence within NSF will not 
plague this coordinating and overview function 
once again? 

Over the last 20 years, however, a number of 
things have changed for the better. First, NSF 
is a very much larger agency now, with a budget 
of approximately half a billion dollars per year. 

( Continued on page 40/ 
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ot Mr. Nixon recommended, be considered on their 
merits, and the weapons programs recommended by the 
former Secretary of Defense should be considered 
on theirs. Attempts to link the two— either by arguing 
that if we do not proceed with new weapons we will 
be outcUuaed five yean henet, or that failure to 
froeted will weeJcen our tHtemaihmal position or our 
bargtumng ability— are peHu^ questionable. More- 
over, there is little merit to exchanging a quantitative 
arms race for a qualitative one, especially if there 
are prospects of controlling both types of races 
through future negotiations. " J. I. Coffey is professor 
of public and intemational affairs at the University of 
PUUburgh. 



J. I. COFFEY 

On May 26, 1972 the United States of America 
and the Union of Soviet Socialist Republics initialed 
at Moscow two of the most important arms control 
agreements of the post-war period. Taken together, 
the Treaty on the Limitation of Anti-Ballistic Mis- 
sile Systems (ABM Treaty) and the Interim Agree- 
ment on Certain Measures with Respect to the 
Limitation of Strategic Offensive Arms (Interim 
Agreement) impose stringent controls on ballistic 
missile defenses, less stringent but still sig^nificant 
controls over land-based and sea-borne missiles, 
and ancillary restraints on interference with the 
"national technical means of verification of the 
other Party." 

Specific^, the ABM Treaty (Article 3) pre- 
dudea audi Party from depl<^ring anti-ballistic 
missfle qrstems or their components, except for 
one system of no more than 100 launchers and in- 
terceptor missiles around each Party's national 
capital and one other system, similar in size, else- 
where in the country, with the proviso that this 
second network not overlap with and reinforce 
the first one. Moreover, the ABM Treaty so re- 
stricts the number and deployment of radars as 
to make difficult any significant strengthening 
or extension of these systems, rules out both 
multiple launchers and automatic launchers for 
interceptor missiles, and prohibits the development, 
test, or deployment of sea-based, air-based, space- 
based or mobile land-based ABMs. In short, the 
Treaty bars measures which could enable cdtho* 
side to protect its industry and its populatioil 
against nuclear attack by the other, or which cotdd 
arouse concern that it was attempting to develop 
a cqMcity to do this. 

The Interim Agreement, its Protocol, and the 
associated understandings issued by the two parties 
halt the construction of additional fixed land- 
based intercontinental ballistic missiles (ICBMs) 
as <rf July 1, 1972, preclude the conversion of land- 
based launchers for light ICBMs (or of ICBMs of 
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older types deployed prior to 1964) into launchers 
for heavy. ICBMs of types deployed after that 
time, and set limits to the numbers of submarine- 
launched ballistic missiles (SLBMs) and modem 
ballistic missile submarines which each party may 
possess [1]. Although both sides have the right 
to scrap older types of ICBMs or missile submarines 
and to replace these with more modem submarine- 
launched missiles, extreme shifts are barred by 
the overall limitations of 950 ballistic missile laundi- 
ers on submarines and 62 modwn submarines for 
the USSR and of 710 launchers and 44 modem 
submarines for the United States [21 

If and as the Soviets reach the ceilings set on 
ICBMs and SLBMs, they would have approximatdy 
2,500 delivery vehicles compared to 2,200 for the 
United States (see table). Whether or not they 
chose to make some of the conversions authorized, 
the Soviets would lead in numbers of ICBMs and 
of modem SLBMs. They would also be ahead in 
deliverable megatonnage. Moreover, they should 
be able to develop multiple independently tar- 
getable re-entry vehicles (MIRVs) sometime during 
the five years covered by the Interim Ag^reement. 
Given that the Soviet Union has 26 silos for large 
missiles under constraction, and that both sides 
are permitted to increase the diameter (or the 
depth) of their existing silos by 10 to 15 per cent, 
it is conceivable that the Soviet Union could install 
enough MIRVs to surpass the United States in 
numbers of deliverable warheads— if not by 1977, 
then sometime thereafter. Henry Kissinger, As- 
sistant to the President for National Security Af- 
fairs, indicated that the currmt U.S. lead of two 
to one in deliverable warheads would be maintained 
during the period of the Interim Agreement even 
if the Soviets developed and d^loyed MIRVs oi 
their own [8. ^9602]. 

These feetors led a number of people to argue 
against the Moscow agreements on the ground 
that they gave the Soviets an advantage and froze 
the United States into a position of permanent 
inferiority in missiles. Furthermore, some main- 
tained that the loopholes mentioned above could 
enable the Soviet Union to achieve a first-strike 
capability by introducing still larger missiles and 
by "MIRVing" these and the powerful SS-9 "Scarp" 
missile with numerous accurate, high-yield war- 
heads. Since such developments could adversely 
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affect deterrence, if not of thermonuclear war 
then of lower levels of aggression, they demanded 
that the agreements be rejected, or at least that 
these alleged Soviet advantages be offset by build- 
ing up weapons systems which are not controHed— 
such as submarine*launched cruise missiles 
(SLCMs). 

Conversely, there are those who argued that 
the limitations imposed on strategic arms did not 
go far enough. First, the agreements do not pre- 
clude MIRVs which, in the absence of ballistic mis- 
sile defenses, may be unnecessary, and which can 
have an undesirable impact both on strategic stabili- 
ty and on the arms race between the Soviet Union 
and the United States. Second, the agreements 
do not constrain measures to improve the thrust, 
the accuracy, or even (to some degree) the size 
of missiles, thereby encouraging a qualitative arms 
race. Third, the agreements do not even mention 
bombers, do not deal either with American forward 
based systems (FBS) in Europe or with Soviet 
medium and intermediate range missiles, and do 
not affect anti-submarine warfare forces. In short, 
they contended that the agreements, far from being 
too restrictive, permitted the arms race to continue 
virtually unimpeded. 

With respect to the first point made by those 
who maintained that the agreements did not go 
far enough, it is true that the absence of controls 
on MIRVs is a serious lack. If the constraints on 
iMdlistic missile defenses are observed— and there 
is every reason to suppose that they will be— then 
the main rationale for MIRVs has vanished: they 
are no longer needed to penetrate, to saturate, 
or to exhaust anti-ballistic missile systems. More- 
over, given the thousands of intercontinental de- 
livery vehicles each side possesses (and the thou- 
sands of other delivery vehicles which are not 
covered under the strategic arms limitations), 
multiple warheads are not needed to inflict high 
levels of damage. Furthermore, their continued 
development may lead to improvements in accuracy 
and in maneuverability which could make them 
highly effective against land-based missiles, even 
when these are emplaced in super-hardened silos. 
(One expert estimates that even with present 
technology accuracies of 30 meters or less can be 
achieved at intercontinental ranges [4].) One way 
in which an adversary could offset these improve- 
ments would be to MIRV his own missiles; however, 
as a corollary, these would become even more re- 
warding targets for counterforce attacks. Thus, 
the interaction between offensive and defensive 
deployments of MIRVs could lead to an escalation 
of the arms race, if not to a tendency to launch a 
pre-emptive strike in the event of a confrontation. 

Against this, it can be argued that it would be 
hard to stop the deployment of MIRVs once these 
have been developed, and almost as hard to pre- 
clude their development. While it is possible to 
constrain the -installation of MIRVs by limiting the 
number of missile tests and by precluding further 
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testing of maneuverable warheads or penetration 
aids, these kinds of constraints would not be fool- 
proof. Furthermore, the United States certainly 
sees MIRVs as offsetting Soviet advantages in 
number of missiles and in deliverable megatonnage, 
and might be very reluctant to forgo this weapon 
without further concessions by the Soviet Union. 
Conversely, the Soviets have seemingly viewed 
MIRV technology as an area in which l^ejr need 
to catch up and have, therefore, been rductant 
to introduce controls. The problem is not hopeless 

and may, as Henry Kissinger hinted [3, S9608], 
be taken up in SALT-II; however, it was perhaps 

too complex and too difficult an issue to permit 
resolution during the first stage of negotiations. 

Much the same can be said of the failure to impose 
constraints on other qualitative improvements, 
which could be extraordinarily difficult. First, 

it would not be possible, without the most intensive 
and intrusive inspection, to uncover changes in 
gfuidance systems which would improve missile 
accuracy or alterations in rocket engines which 
would increase their thrust. Second, it is feasible, 
as the Soviets have demonstrated recently, to 
install somewhat larger missiles in silos built for 
smaller tsrpes— another move which would be dif- 
ficult to preclude. Third, one cannot freeze in- 
definitely technological developments, so that 
upgfrading will go on continuously, even as missiles 
are checked out or refurbished. Thus, the United 
States probably did well to rule out increases in 
the number of large size weapons, and to limit 
enlargements of missile silos which would reduce 
the scope and magnitude of qualitative improve- 
ments in ICBMs. 

As for bombers, these are much harder to control 
than are missiles. Even medium range bombers 
can, if refueled by tanker aircraft, strike at inter- 
continental targets. How then does one define a 
strategic bomber, or differentiate it from a fighter 
plane with a 1,600 mile range? Efforts to limit 
aircraft capable of delivering nuclear weapons to 
the United States or to the Soviet Union would 
immediately open up all kinds of other issues, 
including the one of whether and how to count 
the Soviet flotillas of medium bombers, the forward- 
based systems maintained in western Europe by 
the United States and its allies, and the bombers 
in the hands of France and Britain. The United 
States has more heavy bombers than does the 
Soviet Union and its planes are qualitatively super- 
ior, are of longer range, and carry greater pay- 
loads. Under these circumstances, not limiting 
bombers may have seemed like a desirable offset 
to the Soviet lead in ICBMs and SLBMs — as well 
as one way of achieving Air Force support for 
the agreement to limit strategic offensive arms. 

The technical arguments against attempting to 
constrain anti-submarine warfare (ASW) forces 
are even stronger: (1) These forces include various 
elements, such as airplanes, ships, helicopters 
and shore installations, in a complex network of 
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relationships [ 51 . (21 Some of these elements play 
a significant role in fleet anti-submarine warfare 
capabilities; to constrain them might be to down- 
grade the protection of surface vessels against 
increasingly numerous and technically more ad- 
vanced Soviet attack submarines. (3) Some com- 
ponents of ASW forces have multiple uses, as do 
helicopter carriers and destroyers, which can be 



used in amphibious operations. (4) Constraining 
anti-submarine warfare forces immediately involves 
one in questions concerning the effects of geo> 
graphic asymmetries, the capabilities of detection 
devices, the relative utility of submarines as 
counterforce weapons, and a host of equally dif- 
ficult issues. Thus, whatever the theoretical de- 
sirability of limiting ASW foroes, and thereby 



U.S. AND SOVIET STRATEGIC NUCLEAR FORCES, 1972-1977 



Offensive 
Weapons 


1972 

Operational or 
Under Construction 


1977 
Programmed or 
Potential 


1977 
Under SALT 


Sjrstons 


U.S. 


USSR 


U.S. 


USSR- 


U.S. 


USSR 


ICBMs 
SLBMs 

Intercontinental Bombers ' 


1.064 
666 

457 = 


1,618' 
740 « 

140 


1,064 

321* 


2.600(7) 
1.200(7) 
140 


821' 


1.618/1.408'' 
740/960 

140/140 


TOTAL 




2,167 


2,498' 


2,031 


8340(7)' 


2,081 


2.498 


Deliverable Warheads 
(Independently Targetable) 


6,662 

(5,792)'' 


2,281' 

(2,281)' 


18,198 

(12,773) 


4,104 [6.4361' 
(4.104) [6,436] 


13,198 
(12,773) 


2.603 [3,967] >< 
(2.608) [3.967] 


Deliverable Megatonnage i 


4,940 


11.900 


3,750 


19,800 [14,000] 


3,750 


12,160(8,5801 


Megaton Equivalents >.ni 




4,620 


5,700 


4,670 


9,900(9,800] 


4.670 


(6.200) [6.100] 


Defensive Weapons Systems: 

ABM Interceptors " 


0 


64 


300(?) 


1.000 


200 


200 



Sbwws: The force postures and numbers of deliveraUe war- 
heads in this table are derived primarily from "TUm Defense 
Monitor." VoL 1 (8) (WasUngton, D.C.: The Center for Defense 
Information, Ju^ 1972), except for the force loadings for 
bombers. These, together with wariiead yields for miaailes, 
are based on ^;uies cited in Coffey [11. pp. 18041], utiliting 
the lower yidds for bombs, which indtestes why the resultant 
calculations of megatonnage differ so sharply from those in 
"The HOitaiy Baluoe. 1972-197S" (London: Tbn fntemational 
Institute for Strategic Studies, 1972), pp. 8446. The source 
for 1977 projections of Soviet farces wss the "Hearing on the 
Military Implications of the Treaty" [61. 

(a) Of these, only 1.627 missiles were emplaced at the time 
of the Moscow agreements; 66 silos for "light" missiles and 
26 for "heavy" ones bdng yet unfilled. 

(b) These figures represent projected numbers or conver- 
sions of authorized vehicles. 

(e) The figure of 740 SLBMs (which includes 30 on the 10 
H-dass missile submarines) rqwe s ents an agreed ooinpromiae 
between the U.S. estimate of 680 and the Soviet daim of 768 
SLBMs operational or under construction. The number opera- 
tional at the time of the Moscow agreement was 580. 

(d) Intercontinental bombers are not limited by the SALT 
agreements; neither are types of defensive weapons other 
than ABM systems. 

(e) This is the figure listed by the Department of Defense 
under the category "heavy bombers." If one adds the 72 FB- 
111-A medium bombers (66 of which are in operational units), 
the total would rise to 549; if one subtracts the 66 B-52s in 
active storage and those B42s and FB-lll-As in training and 
teeing programs, the figure drops to about 466— of whfeh as 
many as 150 may be engaged fai conventional opwrntions in 
Southesst Asia. 

(f ) Consisting of 266 B-62 G-H heavy bombers and 66 FB-lllA 
medium bcmlwrs in operational units. Some addititmal planes 
would be available for test and training purposes, and about 
200 B-52 D-F bombers would be in active storage. 

(g) The numbers of launch vehicles are based on the projec- 



tions for each type of vehicle made by Adm. Moorer [6. p. 144], 
even though this results in total forces larger than those dted 
elsewhere. (See, for example, Alton E. Quanbeck and Barry M. 
Blechman. "The Arms Accords: Everyone Gains," The Wash- 
ington Post, June 4. 1972.) It is assumed that all 500 SS-9 ICBMs 
and 754 of the 1,200 SLBMs carry MIRVa (see also note j). 

(h) The official DOD figure is 5.686 operational independent 
nndear warheads, baaed on a somewhat different warhead 
loading for hombers. The total given here reflects the triple 
(but not faidependaitly targetable) warheads m the 21 sub- 
marines stin equipped with Pohuris A-8 SLBMs. Neither the 
DOD figures nor those given here indude the warheads on some 
10 submarines undergoing conversion from Pdaris A-2 and 
A-3 to Poseidon. 

(i) The official DOD figure of 2,240 reflects both a slightly 
lower wsrhead loadtaig for bombers and a discrepancy between 
the number of ICBBfs snd SLBMs considered operati<mal in 
July 1072 (2,180) and the number of warheads attributed to 
these (l,im». 

(j) Figures in brackets indicate totals if Soviet vehicles are 
MIRVed. 

(k) I have followed "The Defense Monitor" (Table IV. p.9) 
in allowing for MIRVs on all SS4 or burger ICBMs and on the 
SS-N-8 SLBM, giving to the former three 5 megaton warheads 
and to the latter three 200 kfloton warheads. AtUuragh this 
is highly arbitrary, the resultant totals are not far from the 
figure of 8.700 independent warheads which the U.S. Senate 
Foreign Rdations Committee estimated could result from 
reasonaUe assumptions of intendve efforts hf the Soviets. 
(See the "Center Log." Na 46, August 11, 1972 [WasUngton, 
D.C.: The Center for IMense Information].) 

(1) Approximations. 

(m) Megaton equivalents are computed by taking the two- 
thirds power of the yidd of any nudear weapon (Y-2/8) and 
determfaiing the corresponding percentage of the yidd of a 1 
megaton warhead. Thus, this figure gives a crude comparison 
of the capabilities of each side to inflict damage in a nndear 
exchange. 
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securing the sea-borne component of the deterrent, 
controls over ASW must rank far down the list 
of negotiable items. 

What has been said so far suggests that the two 
types of limitations imposed on strategic arma- 
ments are reasonable, if not perfect, and that 
those who were dissatisfied with the agreements 
reached were perhaps asking for perfection in a 
world where this is not attainable. What, however, 
about the arguments of those who opposed these 
af^reements, on the ground that they would per- 
petuate 8 Soviet advantage and freeze the United 
States Into an inferior posture? First, as various 
officials have pcdnted out [6], and as the table 
shows, the balance over the next five years with 
arms control will be more favorable for the United 
States than that without it— largely because the 
Soviet Union has on-going programs for the con- 
struction of additional ICBMs and missile sub- 
marines and the United States does not. Second, 
despite the Soviet lead in missiles, the United 
States retains significant advantage in numbers 
of bombers and an even more significant edge with 
respect to the number of deliverable warheads — 
thanks in part to its technical lead in MIRVs. 
Furthermore, the freeze on U.S. (and Soviet) 
forces is very slushy, as shown by the request 
of ex-Defense Secretary Melvin R. Laird for funds 
for the development of a new bomber and for the 
accelerated procurement of the advanced missile 
submarine Trident sjrstem. (In fact, the freeze 
will check the momentum of Soviet weapons pro- 
grams and give the United States time to start 
up its own, and thus may be disadvantageous 
to the Soviets.) Finally, as the former chief U.S. ne- 
gotiator, Gerard C. Smith, warned, unless agree- 
ment is reached on measures which would within the 
next five years "constrain and reduce" threats 
to the survivability of its strategic retaliatory 
forces, the United States may withdraw from the 
treaty limiting rival anti-ballistic missile systems. 
Thus, there is no indication that the United States 
will be placed in— or will permit itself to remain 
in— a position inferior to that of the Soviet Union. 

Even if the United States should do nothing, 
it is hard to see how the Soviet Union could by 1977 
gain a meaningful strategic advantage. Although 
John S. Foster, Jr., Director of Defense Research 
and Engineering, estimated that the Soviet Union 
could, within 3 to 5 years, pose a threat to U.S. 
land-based strategic forces, he also testified that 
they have had to scrap their prototype system for 
multiple warhead missiles (which was potentially 
convertible into a vehicle for launching MIRVs) 
and start all over again p]. Aooording to Secre- 
tary of Defense Laird, it will take the Soviets two 
years from the time they first test MIRVs to the 
time they can begin to deploy them [8], and thus 
still longer to have them in quantity. Moreover, 
given the limitations imposed on the number of 
SS-9s, the Soviets will also have to improve the 
yidd-to-wei^t ratio of warheads on tl^ missfle, 
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its accuracy (as well as that of the SS-11 missile) 
or both. Hence, while the USSR could conceivably 
launch one or more megaton-yield warheads against 
each U.S. ICBM, it is questionable whether such 
an attack could destroy even this component of 
the U.S. deterrent. In fact, the Chief of Staff of 
the Air Force, (Jeneral John D. Ryan, expressed 
confidence that Minuteman "can survive an at- 
tack against U.S. strategic forces in mjom than 
adequate numbers to maintain its deterrent ef- 
fectiveness, both now and in the future" [9]. 

Furthermore, as General Ryan and other officers 
pointed out, land-based missiles are but one ele- 
ment of U.S. retaliatory forces. The MIRVing of 
Soviet missiles is unlikely to affect American 
bombers, whose safety is based on widespread 
deployment, mobility and rapid take-off when warn- 
ing of an attack is received. To bombers, submarine- 
launched ballistic missiles are likely to be more 
threatening than even MIRVed ICBMs; however, 
it would be difficult for the Soviets to position their 
submarines for depressed trajectory launches 
(which alone could hope to catch many bombers 
on the ground), and even more difficult to coordi- 
nate such launches with attacks on ICBMs by mis- 
siles originating in the USSR. Finally, those U.S. 
missile submarines at sea— normally amounting 
to 60 per cent of the 41-boat Polaris/Poseidon 
Fleet — would be unaffected by a Soviet first-strike. 
When we consider that one submarine armed with 
Poseidon missiles can launch 160 warheads more 
devastating than those dropped on Hiroshima or 
Nagasaki, and that two such submarines could 
deliver more warheads than there are cities of over 
100,000 people (even after allowing for attrition 
by the missile defenses around Moscow), it is ob- 
vious that the Soviets could not hope to OTode 
U.S. retaliatory capabilities to a deg^ree that would 
make a "first-strike" a feasible course of action. 

This suggests arguments about the military 
implications of imbalances in numbers of strategic 
weapons are largely meaningless. First, the ulti- 
mate targets of these weapons are not other weap- 
ons, but installations and populations which are 
highly vulnerable to nuclear attack. Second, the 
amount of damage which even one weapon can 
inflict is almost unimaginable; a single 20-megaton 
warhead dropped on my home city of Pittsburgh 
would kill over one million Americans— more than 
have been killed in all our wars to date, including 
the Civil War [ 10] . Third, the numbers of weapons 
available to each side are so great that both the 
United States and the Soviet Union are likely to 
run out of profitable targets long before they 
run out of deliverable warheads. Certainly, the 
United States, despite asymmetries in force 
postures, in weapons systems capabilities, and 
in geography, could inflict levels of damage which 
would eliminate the USSR as a functioning state 
and put an end to Soviet society in its current form; 
if this does not deter attack it is hard to see what 
would. 
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It is noteworthy that Administration spokesmen, 
in calling for new weapons programs, have done 
so not on the basis that these are needed to main- 
tain the deterrent but on other grounds. For ex- 
ample President Nixon, in his press conference 
of June 22, 1972, maintained that if the Soviet Union 
is allowed to gain a substantial lead over the United 
States, this would be "an open invitation for more 
instability in the world and an open invitation in 
my opinion for more potential aggression in the 
world, particularly in such potentially explosive 
areas as the Mid-East." Adm. Thomas H. Moorer, 
Chairman of the Joint Chiefs of Staff, testified that 
failure to go forward with "mandatory" develop- 
ments needed to maintain modern deterrent forces 
would be ascribed by the Soviets "not to good will, 
but to a failure of will, not to our confidence, but 
to our weakness." President Nixon argued that 
failure to build weapons which were not controlled 
by U.S.-USSR agreements would leave the United 
States in an inferior position at the end of the 1970s, 
thereby placing in jeopardy "our foreign policy 
and our commitments around the world." Finally, 
not only Mr. Nixon and Mr. Kissinger [ 3, S9599] 
but also ex-Secretary of Defense Laird [8, p. 4] 
have maintained that programs such as those for 
the Trident missile submarine and the new B-1 
bomber are essential to success in future negotia- 
tions on the limitation of strategic armaments. 

Admittedly, the ability to inflict damage is not 
the only component of deterrence, even when one 
is seeking to ward off a direct nuclear attack. It 
is perhaps even less important when one is seeking 
to deter other forms of aggression or to influence 
political behavior. In such instances, the country 
possessing an advantage may still attach psycho- 
logical importance to this advantage and expect 
its adversary to back down. Conversely, the country 
which is at a disadvantage may be more reluctant 
to take actions which run the risk of nuclear war. 
In practice, however, these advantages are largely 
illusory and may not count as much as perceptions 
of interest in a given issue and of commitment to 
a given outcome— which is why Europeans are 
so insistent on maintaining a high level of American 
troops in Europe. Moreover, once levels of damage 
have gone beyond a rather low point further in- 
creases may not sigrnificantly affect decisions; 
for example, 52 defense analysts assessing the 
outcomes of a hypothetical U.S.-Soviet confronta- 
tion in the Middle East estimated that the responses 
of the United States (and the Soviet Union) to 
threats and provocations would not change appreci- 
ably even though the number of people who would 
be killed in a nuclear exchange varied from 20 
million to 100 million [ 11] . Whatever the relative 
differences in strateg^ic capabilities, both the po- 
tential consequences of a nuclear exchange and the 
possibility that actions taken may precipitate 
such an exchange serve to inhibit direct challenges 
to national interests. 

As far as political instabilities are concerned. 



the belief that these will vary with changes in the 
strategic balance presumes that the deterrent is 
the sole— or at least the most important— factor 
affecting Soviet behavior. Yet, as the Moscow 
Summit demonstrated, important agreements 
tending to stabilize U.S.-Soviet relations were 
reached despite recent and marked increases in 
Soviet nuclear capabilities. Moreover, these agree- 
ments are only part of far-reaching endeavors to 
improve the political climate, endeavors which are 
reflected not only in the statement on "Basic Prin- 
ciples of Relations between the United States of 
America and the Union of Soviet Socialist Re- 
publics" [ 12, p. 943] , but also in the four-power 
agreement on West Berlin and in the Ostpolitik of 
the Federal Republic of Germany. This climate is 
only one among many factors affecting not insta- 
bility, which is endemic, but the willingness to 
exploit this instability. Other factors are the do- 
mestic opposition to foreign adventures, which 
exists in the USSR as well as in the United States; 
the adverse effects of attempts at exploitation on 
other goals, such as detente in Europe and in- 
creased East- West trade; the economic costs of 
such attempts both directly (as in aid to Egypt) 
and indirectly (as in expenditures for defense 
programs); the willingness of other countries to 
be used by the great powers in their search for 
"advantages"; and the possibility of using them to 
this end, considering both indigenous opposition 
and the local military forces of the other great 
power. (For example, the U.S. Sixth Fleet is still 
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larger and more powerful than the Soviet Medi- 
terranean Flotilla— which would, moreover, in time 
of war have to cope with British, French and other 
NATO naval forces in the Mediterranean Sea.) 

Baniiining Chips 

National will and the credibility of national 
commitments are not manifested solely by decisions 

on weapons programs or by the relative status of 
one component of the military balance; were that 
the case, belief in the United States would long 
since have oroded. Instead, estimates of the proba- 
bility that the United States will respond to pres- 
sures on its allies or to actions against its interests 
are based on much more complex and subtle judg- 
ments. They involve assessments of the ability of 
the United States to differentiate between basic 
interests and peripheral ones, since the likelihood 
of a response rises sharply with the level and the 
nature of the interests at stake. They involve con- 
sideration of circmnstances under which the United 
States would have no choice save to stand fast— 
as it certainly would in the case of Soviet aggres- 
sion in Europe or in the Middle East. They reflect 
assessments of the extent to which American in- 
terests are parallel with those of the allies— with 
some of the latter perhaps tending to see failure 
to accommodate to their views as reflecting a lack 
of will rather than a difference of opinion. Even 
if one grants that in the present state of the world 
unilatOTal redactions in defense programs might 
have an adverse effect on allied opinions, it does 
not follow that unilateral increases will have a 
favorable one. If the build-up of military forces 
were the only way of demonstrating national will, 
Hanoi would long since have had to quit the war. 

This brings us to the argument that ongoing 
weapons programs are essential as bargaining 
chips in future negotiations on the limitation of 
strat^c armaments. It must be admitted that the 
Soviet Union may not be as amenable to agreements 
calling for cuts in its own forces if it feels that the 
United States is going to make unilateral reductions 
anyway. However, other factors will influence 
Soviet decisions on arms control measures, in- 
cluding the costs of maintaining current forces, 
priorities in the allocation of resources, and its 
own desires both to achieve detente and to create 
the impression of working towards accommodatitm. 
More importantly, the Soviets have consistently 
opposed the concept of "bargaining from strength" 
which is implicit in this line of argument— and in 
some cases made explicit by its proponents. In 
fact, as Henry Kissinger has indicated, the USSR 
agreed to place constraints on submarine-launched 
ballistic missiles even though the United States 
was "in a rather complex position to recommend 
a submarine deal, since we were not building any 
and the Soviets were building eight or nine a year, 
which is not the most brilliant bargaining position" 
[12, p. 935]. Finally, to start weapons programs 
which are subsequently stopped can be very ex- 
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pensive; it is now estimated that it will cost the 
United States $8.9 billion to build the two missile 
defense complexes authorized by the Moscow 
agreements. It is possible that some of the same 
effects on negotiations could be achieved by placing 
money for weapons systems in escrow, releasable 
if no agreement is reached within a given time. 
Alternatively, it is conceivable that the negotiating 
positirai could be strengthened without undue 
expense if only critical and long lead time items 
were funded, so that the costs of subsequently 
cancelling or reducing these would be minimal; 
in fact. Secretary of Defense Laird has hinted that 
this would be an acceptable approach. 

Conclusions 

All this leads to several conclusions. 

• The strategic arms limitations agreements 
should, as Mr. Nixon suggested, be considered on 
their merits, and the weapons programs recom- 
mended by the Secretary of Defense should be 
considered on theirs. Attempts to link the two— 
either by arguing that if we do not proceed with 
new weapons we will be outclassed five years 
hence, or that failure to proceed will weaken our 
international position or our bargaining ability- 
are perhaps questionable. Moreover, there is little 
merit to exchanging a quantitative arms race for 
a qualitative one, especially if there are prospects 
of controlling both types of races through future 
negotiations. 

• We should proceed rapidly with SALT-II, 
which started in the fall of 1972. While the items 
on any agenda for future arms limitations are likely 
to be numerous, there are several measures that 
would seem particularly important and urgent. 
The first measure would be to trade off reductions 
in U.S. bomber forces (which may in the long run 
be reduced anyway simply because of cost) for 
cuts in the larger Soviet missiles, which could be 
upgraded or converted into modem SLBMs. A 
companion measure should be to trade off older 
Soviet submarines (and perhaps a slow down in 
the construction of newer ones) for some of the 10 
Polaris boats which the Administration has pro- 
posed replacing with the newer and larger Trident 
missile submarine. Taken together, these two 
measures would bring about actual reductions in 
levels of weapons, preclude the Soviets from achiev- 
ing significant advantages in numbers of modem 
missiles, and head off qualitative improvements 
on both sides. A related measure would be to pre- 
clude significant alterations in the ability of either 
side to conduct counterforce strikes, perhaps by 
limiting the number of missile tests (thereby in- 
hibiting increases in missile accuracy) or perhaps 
by restricting the d^loyment of MIRVs. The 
United States has reportedly announced that if 
the Soviet Union started installing MIRVs on its 
larger missiles, the United States would consider 
the arms control agreements null and void [ 13]. 
Given this, and the United States lead in MHtV 
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technology, the Soviet Union may be amenable 
to arrangements which would halt the American 
deployment of MIRVs, even if this means giving 
up such weapons itself, or at least not attempting 
to develop individually-targetable warheads for 
their SS-9 missile. Although no one can be sanguine 
about the possibility of constraining BflRVs, the 
attempt to do so is worth making. 

• The United States should defer a decision to 
proceed with the production of the Trident system 
until the outcome of SALT-II becomes clearer. 
As an interim measure, it could continue with the 
development of ULMS-I (a missile of about 4,000 
miles range which could be installed in the launch 
chambers fitted with Poseidon SLBMs) and with 
research on a successor to the current missile- 
submarines, should this prove necessary. Or as 
an alternative, and as a concession to those who 
are concerned about bargaining positions, the 
Congress might appropriate funds for long lead 
time items which could be used in other types of 
nuclear submarines and put these monies in escrow 
for a period of time, say 18 months. If, by that time, 
reductions in forces had not been made, the United 
States could restart or accelerate the Trident pro- 
gram, should this still be deemed necessary. A 
number of e^qierts who have argued against the 
Trident, however, have done so on the ground 
that this program may constitute a premature 
commitment to a submarine of lesser utility than 
other models which might be needed in the 1980s. 
In any case, the decision to proceed with a new 
missile-submarine should be based not on the 
number of boats the Soviets have, or on how old 
the American ones happen to be, but on the ability 
of the Soviet Union to sink them— which, according 
to the Chief of Naval Operations, Admiral Elmo 
R. Zumwalt, Jr., is precisely zero [6, p. 536]. 

• The program for the deployment of the B-1 
bomber should be looked at not in terms of a demon- 
stration of will, or of its utility as a bargaining chip 
in negotiations, but essentially in terms of its 
military-technical utility. Some of the B-528— 
perhaps the less versatile D and F models— will 
ultimately be retired in any event, or may be 
traded off for reductions in Soviet ICBM forces, 
as suggested previously. The issue then becomes 
one of whether the more usable B-52 Gs and Hs, 
whose effective life will certainly extend into the 
early 1980s, need to be replaced. Given the versa- 
tility of bombers, their ability to make multiple 
attacks and, above all, the fact that these attacks 
are of a different nature from those made by mis- 
siles, and cannot be countered in the same way, 
a bomber component of the deterrent will probably 
continue to be desirable. However, whether that 
requires building a new bomber at this time, and 
whether that new bomber has to be the B-1, are 
questions which are at least moot. 

in short, this analysis suggests that there is no 
urgent need for the United States to procure more 
sophisticated bombers, larger missile submarines. 



or cruise-tjrpe missiles. In fact, as Administration 
spokesmen have pointed out, the current under- 
standings curb on-going Soviet programs which 
might have required the development of these 
(and other) weapons. This does not mean that 
new missile submarines or more advanced bombers 
may not ultimately be necessary, only that decisions 
to build them do not have to be made at this time. 
As Mr. Nixon pointed out, "it is clear that the 
[strategic arms limitations] agreements forestall 
a major spiraKng of the arms race— one which 
would have worked to our disadvantage" [12, 
p. 978]. To intensify this spiral before trying to 
impose tighter limits on the arms race would be 
not only a mistake but a tragedy— since the new 
weapons proposed do not seem necessary either to 
protect American interests or to achieve further 
progress in the control of armaments. 
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Letter from London 



Last year at a crowded discussion meeting at 
the American Embassy here, I was invited to say 
a few words on the occasion of the first appearance 
of Dennis Meadows in public following the publi- 
cation of Limits to Growth. I congratulated him 
on his pioneering extension of Jay Forrester's com- 
puter model World 2, expressed the hope that some 
critical studies would be made of his techniques 
and data, and suggested that innovative man 
might defer catastrophe as forecast by these 
MIT specialists. 

I mention this not in self-praise, because they 
were obvious comments. But I felt at the time that 
this report, inspired by the Chib of Rome's project 
on the predicament of mankind— which arose out 
of a meeting in April 1968 in the Accademia dei 
Lincei in Rome at which I was present, although 
my links with the Club have been tenuous since— 
was "contrary to human nature." Of course, I could 
not justify that, but my feelings of unease were 
reinforced when I observed that support for the 
implementation of the Limits to Growth condu- 
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Meadows Unlimited 
or Caveat Computer 

MAURICE GOLDSMITH 



sions came largely from what were vaguely authori- 
tarian-type thinkers and groups. 

Now, from that well-esteemed team, the Science 
Policy Research Unit at the University of Sussex, 
comes a critique of Forrester's World Dynamics 
and Limits to Growth— the first scientific appraisal 
of the structure and assumptions of the MTT models 
(and which incidentally sets out clearly the justifi- 
cations for my uneasiness). 

Let me remind you that both World Dynamics 
and Limits to Growth attempt to provide a general 
model of the future of the world by bringing to- 
gether forecasts of population growth, resource de- 
pletion, food supply, capital investment and pollu- 
tion. Meadows accepts the Forrester assertion that 
computer models have certain inherent advantages 
over mental models, because although the human 
mind can identify the main features of problems 
so complex as those they are dealing with, it can- 
not estimate well the dynamic consequences of 
the way the parts of a system will interact. Their 
actual computer models consist of sets of program- 
med equations; they are also represented in For- 
rester's formal Systems Dynamics notation. 

Meadows' World 3 model has the same basic 
structure and underlying assumptions as World 
2, but there are about three times as many mathe- 
matical equations and much wider use of empirical 
data. "Standard runs" for both models predict 
catastrophe by the year 2100. This is tjrpMnI of a 
system in which ezptmential growth to colliding 
with a finite limit. 
What requires to be done? Forrester and Mead- 
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ows urge us to act now to alter the growth trends, 
and to establish a condition of ecological and eco- 
nomic stability sustainable far into the future. This 
would include restricting population growth, fix- 
ing world average industrial output per capita 
at 1975 levels, shifting consumption away from 
material goods into services such as education. 

Although Forrester points out clearly that his 
model is not precise enough to show the actual 
form of collapse, this does not prevent him from 
recommending certain policy actions. Meadows, 
too, has great confidence in his model— "already 
sufficiently developed to be of some use to de- 
cision makers." Nor does he expect his "broad con- 
clusions to be substantially altered by further re- 
visions." 

Alas, the final sentence in the Sussex critique 
reads: "What, then, remains of Forrester's and 
Meadows' efforts? Nothing, it seems to us, that 
can be used immediately for policy formation by 
decision makers; a technique, one among several, 
systems dynamics, of promise which needs improve- 
ment; but above all a challenge to all concerned 
with man's future to do better." 

The Sussex critique is the work of a multi-dis- 
ciplinary team: H.S.D. Cole, mathematical physi- 
cist; T.C. Sinclair, health physicist and nuclear 
engineer; K.L.R. Pavitt, engineer and economist; 
W. Page, social psychologist; A.J. Surrey and A.J. 
Bromley, economists specializing in energy; R.C. 
Curnow, statistician; P. A. Julien and C. M. Cooper, 
economists; P.K. Marstrand, biologist; H.G. Sim- 
mons, political scientist; C. Freeman, director of 
the Science Policy Research Unit; and Marie Ja- 
hoda, social psychologist and coordinator of re- 
search. 

The Sussex team had access to the important 
Limits to Growth technical report before its pub- 
lication, and the advantage of long discussions with 
Dennis and Donella Meadows. 

The criticism is extensive and severe, especially 



of the structure and assumptions of the MIT models, 
although the Sussex authors agree about the ur- 
gency of many of the social problems raised, and 
praise the courageous and pioneering attempt of 
the MIT model-makers. The question posed in re- 
lation to each subsystem and the model as a whole 
is: How far do the assumptions made correspond 
to what is known about the real world before 1970, 
and to what might be assumed plausibly about the 
world's future development from then onwards? 
The MIT models do not satisfy those requirements. 
They are criticised not for the lack of data, but for 
erecting an elaborate theoretical structure and such 
sweeping conclusions on a data base that is so thin. 

Computer Fetishism 

Forrester and Meadows are warned, also, of the 
dangers of "computer fetishism," in which the com- 
puter model is endowed with a validity and an in- 
dependent power which transcends the mental 
model from which it is derived. This is a significant 
feature of the Sussex critique: Beware! Beware! 
The apparent detached neutrality of a computer 
model is as illusory as it is persuasive. 

Assumptions about the workings of a social 
system are coloured by the attitudes and values of 
those concerned. Because they may hide possible 
sources of bias, computer models should be re- 
garded as an integn'al part of political debate. In 
developing a critique of a computer model, more 
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is needed than to look at the structure or to conduct 
mathematical tests. The "more" is examination of 
the underlyingr assumptions. 

On this ground there is serious indictment of the 
MTT model makers. They are charsfed with making 
assumptions about relationships and estimates 
about data which are matters of jud^ent, and not 
of fact or mathematics. They have concentrated on 
physical limits to growth and omitted changes in 
value. They have chosen to be unconcerned with 
politics, with social structure, and with human 
needs and wants. Meadows knows that exponen- 
tial growth can be influenced by action, but this 
knowledge has not been built into his model. In- 
novation, the resourcefulness of men, can change 
the physical properties with which the model deals. 
If man is introduced as the sixth variable into think- 
ing about the world and its future, this may change 
entirely the nature of the debate. 

How do the two models stand up to critical 
examination? World 2 is unsatisfactory as a fore- 
casting device, as is World 3 despite its extra 
complexity, which gives a false note of sophistica- 
tion and exactitude. "Perhaps the best result one 
could hope for from any model like the two dis- 
cussed here is that they contain the seeds of their 
own destruction— and of their replacement by 
superior models. Worlds 2 and S may prove to be 
useful stepping stones to better models." 

On technical grounds, the World Dynamics and 
Limits to Growth argument depends on what nega- 
tive feedbacks are introduced into systems dy- 
namics and with what power. The Sussex critique 
points out for instance that World 3 has no feed- 
back loop between the market, technology and 
economically exploitable resources; nor the social, 
economic and technological feedback mechanisms 
which would operate to keep pollution at an accept- 
able level. Slight changes in the assumptions in the 
subsystems are sufficient to secure that the adap- 
tive processes can remove the threat of colhqne 
from particular causes. In any model of the world 
system, continuous technological improvement 
ought to be included. 



I cannot omit a most important part of the critique 
which deals with the strong technocratic tenden- 
cies inherent in these models. The Forrester- 
Meadows view of the nature of the social system 
fits in well with those impatient of the democratic 
political process with its necessary compromises 
and halfway measures. How beautiful — and how 
dangerous— is the Utopian vision of a stable state 
in which anxieties and conflicts arising from the 
"rat race" and economic growth will have gone, in 
which man will be able to develop his spiritual 
side, and all will be clean and beautiful. "This is not 
to denigrate the beliefs of the Forrester-Meadows 
school in any sense; rather, it is to suggest that 
they, too, despite the surface appearance of sci- 
entific neutrality and objectivity, bring us a mes- 
sage which can only be fully understood in the 
context of their own beliefs, values, assumptions 
and goals." 

Meanwhile, from the Club of Rome comes an ur- 
gent statement that Limits to Growth is a report 
to the Club, not of the Club. It is not a statement 
of the Club credo, but "a first hesitant step towards 
a new understanding of the world." The Club in- 
sists that it is not a group advocating zero growth, 
or interested only in the problems of industrialized 
countries, or a political organization, or a body 
devoted to public propaganda for change. It has a 
catalytic function and has performed that well 
already, as demonstrated by the response to Limits 
to Growth. 

Next steps under consideration are to promote 
The World Forum, the equivalent of the Club at a 
political level for senior ministers, and to wel- 
come the spontaneous emergence of national Club 
of Rome groups as have arisen in Japan and the 
Netherlands. 

It is clear that the Club of Rome and its approach 
will survive the critics, but— like the new Gaullist 
government in France— in a much-tempered form. 

Note: The Sussex critique appeared in March 
and May 1973 issues of Futures magazine, and in 
the book Thinking About the Future (London: 
Chatto & Windus. 1973). 



Coming in June — 

How to Make SALT Work: 
A Proposal 

by F. Calogero 
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The BEIR Report : A Focus on Issues 



In 1969, a national cuntriii-ri-sn i rnjtlcd on the issue 
of the safety of federal radiation protection standards 
for nuclear power reactors. Two scientists, Arthiir R. 
Tamplin and John W. Gofman, of the Atomic Energy 
Commission's Lawrence-Livermore Laboratory, issued 
a manifesto charging that the AEC standards allowed 
nuclear power facilities to emit 10 times more radia- 
tion than was safe. The 1/ called for a W-fotd reduction. 
A ICC officials responded hi/ ilenouneinfi the manifesto 
as erroneous and unseii'ntific. 

Last winter, the National Academy of Sciences- 
National Research Covncil broke a long silence on this 
controversy. It reported the resalts of a review of the 
standards and the federal radiation protection gvide 
on which they irerc based by its Advisory Committee 
on Bioloyieid Effects of Ionizing Radiation (Bulletin, 
March lU7.li. The report clearly supported Tamplin 
and (lofinan. 

In this comment. Dr. Tamplin, who, alony with Dr. 
Gofman, was severely critized by superiors for daring 
to challenge the agency's standai-ds. reviews the im 
pact of the BEIR report and the background of the 
controversy. 

On January 28, 1970, Robert H. Finch, then Sec- 
retary of Health, Eklucation and Welfare, closed a 
letter to Senator Edmund S. Muskie with the fol- 
loMring: 

Drs. Gofman and Tamplin have raised the question of 
wheth«r the present PRC guidelines are still accept- 
aUe. In the past ten years, since the formulation of the 
PRC basic guides, sufficient additional information has 
devdoped from epidemiologic studies and animal ex- 
periments so that a reevaluation of such guidelines is 
bdieved to be warranted. 

la view of our concern with the potential hazard of 
ionizing radiation in the environment, and as chairman 
of the FRC, I am recommending that the Council insti- 
tute a careful review and evaluation of the relevant sci- 
entific information that has become available in the past 
decade. I am recommending that this reevaluation pro- 
vide, as definitively as possible, estimates of the risks 
associated with low levels of environmental radiation as 
a basis for review of the adequacy of current FRC 
guidelines as apiriicable to projected radiation levels. 
Based on projected exposure classes of radiation 
sources, such as nndear power reactors, other peaceful 
uses of nuclear oieigy, and radiation from consumer 
products would also be considered. 

FRC refers to the Federal Radiation Council. 
The FRC was subsequently abolished and its func- 
tion assigned to the Environmental Protection 
Agency (EPA). In the meantime, the FRC had con- 
tracted with the National Academy of Sciences- 
National Research Council (NAS-NRC) Advisory 
Committee on the Biological Effects of Ionizing Ra- 
diations (BEIR) to conduct the review called for by 
Secretary Finch. In November 1972, the committee 
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submitted its report — BEIR report — to the EPA. 

Before discussing the BEIR report, it appears 
worthwhile to put it in historical perspective. In 
November 1969, John W. Gofman and I testified 
before the Senate Subcommittee on Air and Water 
Pollution chaired by Senator Muskie. We testified 
that the more recent data on the cancer-inducing 
potential of radiation were far worse than supposed 
when the existing radiation exposure standards 
were promulgated. We estimated that the allowable 
population exposure guide (170 millirems per year) 
would produce an additional 16,000 cancer deaths 
per year. Later we raised the estimate to 32,000. 
We also estimated that the genetic effects would 
produce a 5 per cent to 50 per cent increase in ill 
health and a commensurate increase in the yearly 
death rate. We felt that these effects were too se- 
vere and urged that existing exposure standards 
be reduced by at least a factor of 10. 

We were immediately accused of heresy or worse 
by the atomic industrial establishment. On April 
27, 1970, Cyril Comar, chairman of the BEIR com- 
mittee, wrote Charles Dunham, head of the NAS 
Division of Medical Sciences: 

Radiation Protection Standards are formulated by sev- 
eral independent national and international bodies, name- 
ly, the NCRP [National Council on Radiation Protection 
and Measurements], ICR? [International Commission 
on Radiological Protection], and FRC. In addition, periodic 
scholarly reviews of pertinent data are provided by 
UNSCBAR [U.N. Scientific Committee on the Effecte of 
Atomic Radiation]. Recent reviews by these groups 
(ICRP 1966. 1969; UNSCEAR 1964, 1966, 1969) have 
considered in depth essentially all of the available data 
relevant to the setting of standards. These bodies have 
found no evidence that warrants a downward revision 
of the basic radiation standard of 5 rems per 30 years 
or 170 mrems per year to the general population. 

Pertinent data have been under continuous review by 
the NAS-NRC advisory committee to the FRC. This 
committee has specifically reviewed the statements pre- 
sented before Congressional committees and elsewhere 
to support the allegations referred to above and con- 
clude that these statements contain no data that would 
significantly alter the base upon which current stand- 
ards were established. There is no evidence available 
to the committee that exposure of the public will in- 
crease at a rate that would in any way justify an emer- 
gency revision of the existing standards. 

Because of the allegations and widespread public con- 
cern the committee feels it must plan further considera- 
tion of the interpretation of data relative to estimating 
risks associated with low levels of radiation exposure 
and the utilization of such interpretations for establish- 
ment of radiation standards. 
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In essence, Comar was saying that we were 
wrong but that it would take him two years to 
uncover the reasons. On January 15, 1971, the 
NCRP issued a lengthy report, "Basic Radiatimi 
Protection Criteria." In it the NCRP stated: 
Ultimately, realistic interpretation in various applica- 
tions derives from public understa n di ng of, and eventual 
approbation of, practices developed from recommenda- 
tions of response technical bodies. In particular, it 
is believed that while exposures of workers and the 
general population should be k^t to the lowest prac- 
ticable level a( all times, the presently permitted ex- 
posures represent a level of risk so small compared with 
other hazards of life, and so well offoet by perceptible 
benefits, that such approbation wiD be adiieved when 
informed public review process is completed. 

Nevertheless, in June 1971, the Atomic Energy 
Commission (AEC) revised the design specifica- 
tions for light water moderated nuclear power 
reactors (Title 10, Code of Federal Regulations, 
Part 50). These new regulations called for a hun- 
dredfold reduction in the radiation exposure limit 
for this type of reactor. The 170 mrem/yr guide, 
however, was left as a primary standard in Part 
20 of these regulations. 

End of Controversy 

Finally, after some three years of controversy, 
the BEIR report concluded (contrary to the above 
opinion of the NCRP): 

The present guides of 170 mrem/yr grew out of an ef- 
fort to balance societal needs against genetic risks. 
It appears that these needs can be met with far lower 
average exposures and lower genetic and somatic risk 
than permitted by the current radiation protection 
guide. To this extent, the current guide is unneces- 
sarily high. 

The BEIR committee estimated that the existing 
guide could produce between 3,000 and 15,000 
cancer deaths annually and lead to an increase of 
5 per cent in the ill health of the population. Al- 
though there are differences betweoi our two 
estimates of the effects, I consider this as an end 
to the controversy. 

In the summary of the BEIR report, the com- 
mittee made a statement concerning the normal 
day-to-day radioactive releases from the nuclear 
power industry: 

Concern about the nuclear power industry arises be- 
cause of its potential magnitude and widespread dis- 
tribution. Based on experience to date and present en- 
gineering judgment, the contribution to radiation ex- 
posure averaged over the U.S. population from the de- 
veloping nudear power industry can remain less than 
about 1 mrem per year (about 1 per cent of natural 
background) and the exposure of any individual kept 
to a small fraction of background. 

There was never any real controversy over this 
issue even in 1969. As I stated above, the AE3C 
made a hundredfold reduction in the design spe- 
cifications in recognition of this potential. How- 
ever, the BEIR committee went on to state that 
the exposures can be 

... kept to a smaU fraetim of background provided 
that there is: (a) attainment and long-term maintenance 
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of anticipated engineering performance, (b) adequate 
management of radioactive wastes, (c) control of sabo- 
tage and diversion of fissionable material, (d) avoid- 
ance of catastrophic accidents. 

These have been and still are the primary un- 
resolved issues relative to the burgeoning nuclear 
power industry. I prefer the comments of Nobel 
laureate Hannes Alfven when he discussed these 
issues: 

Fission energy is safe only if a number of critical de- 
vices work as they should, if a number of people in key 
positions follow aU their instructions, if there is no sab- 
otage, no hijacking of the transports, if no reactor fud 
processing plant or reprocessing plant or repository any- 
where in the worid is situated in a region of riots or guer- 
rilla activity, and no revolution or war— even a "conven- 
tional one**— takes place in these regions. The enormous 
quantities of extremely dangerous materials must not 
get into the hands of ignorant people or desperados. No 
acts of God can be permitted. [Bulletin, May 1972.) 

Alvin Weinberg, director of Oak Ridge National 
Laboratory, described these problems in another 
style: 

We ntidear people have made a Faustian bargain with 
society. On the one hand, we offer— in the catalytic nu- 
dear buiner— an inexhaustible source of energy .... 

But the price that we demand of society for this magi- 
cal energy source is both a vigilance and a longevity of 
our social institutions that we are quite unaccustomed 
to. (Science, July 7, 1972.) 

It must be remembered, however, that by the time 
Faust recognized the terrible nature of his bar- 
gain, it was too late. Unless the course of the nu- 
clear power industry is drastically altered, we will 
suffer the same &te. 

The BEIR committee also raised another import- 
ant issue: 

The exposures from medical and dental uses should 
be subject to the same rationale. To the extent that such 
exposures can be reduced without impairing benefits, 
they are also unnecessarily high. 

Very significant reductions in the genetically sig- 
nificant medical exposures can be achieved by prac- 
ticing good radiation hygiene without loss of medi- 
cal information. However, the official defense of the 
existing exposure guides has made it next to impos- 
sible to bring pressure to bear on the medical pro- 
fession in order to bring about this necessary reduc- 
tion in expostu>e. Hopefully, more rapid progress 
can now be made in this important area. 

While I disagree with some of the technical as- 
pects of the BEIR report, I think it is an admirable 
consensus of a diverse assortment of committee 
members. After more than two years, the study is 
over. The conclusion is that the existing guidelines 
are not safe and are unnecessarily high. It is now 
the responsibility of the EPA, the Food and Drug 
Administration, and the medical profession to bring 
about the necessary changes in guidelines and ex- 
posures. A lot of us will be watching them. So far 
as the nuclear power industry is concerned, the 
unresolved issues are now laid bare, and I doubt 
if it can survive the exposure. 
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Resources and Long-Range Forecasts 



Waldo £. Smith 



And so these (blmdj men of Indostan 

Disputed loud and long. 
Each in his own opinion 

Exceeding stiff and strong, 
Thoitgh each toaa partly m the right. 

And all were m the wrong! 
(John Godfrey Saxe, The Blind Men and 
the Elephant.") 



In the critiqiie of 7%e Closing Circle by Paul 

R. Ehrlich and John P. Holdren, and in the re- 
sponse by Barry Commoner (Bulletin, May 1972), 
each emphasizes especially one element of the 
problems we humans face an this Earth. The 
criticism seems unfair: Commoner in his response 
shows that what he actually said in his book differs 
materially from what Ehrlich and Holdren criticize, 
although they are correct in saying that we must 
grapple also with problems of over-population, ex- 
cessive affluence and misdirected technology. But 
instead of quarreling about who is right and who 
is wrong, they should join with others in viewing 
the total situation, helping to take steps to mitigate 
the difficulties. Each has advanced consideration 
of his aspects of the situation. At the same time, 
both may be criticized for their rather elementary 
preeentation of statistics, and analyses shown to 
ftivor their own cause. Percentages are especially 
hazardous, if not treacherous, in presenting in- 
formation. For example, the first plastic container 
Increased production an infinite per cent: the next 
hundred increased production by 10,000 per cent. 
I recall the announcement of a certain coimtry that 
it was increasing payments to the disabled and d- 
derly by 100 per cent; the actual increase was fnmi 
about 6 cents to 12 cents per month. 

We must, however, recognize that the Earth 
is finite, its resources limited: air, water, minerals 
and metals and other soHd-Earth resooroes, the 
agricultural soils, and living space itself. We do not 
yet understand how all of these operate and inter- 
relate. The books and other writings of these au- 
thors have dcme .much to arouse interest and 
concern about these matters. Scientists and tech- 
nologists should unite in meeting these problems 
on a broad front. 

With regard to population and living space, we 
look on California as overcrowded, and word is that 
now more people are moving out than moving in. 
It has about 20 million people. Yet Japan, similar 
in size, arable land and other natural resources, 
has five times as many people. Though the Jap- 
anese are facing sharply increasing pollution prob- 
lems, they live more in harmony with their land- 



scape than do the Califomians. And the United 
States as a whole almost seems to be underpopu- 
lated in comparison. So doubling the population of. 
the United States does not seem to otter insuper- 
able problems if we can leam to live in harmony 
with our surroundings. 

With regard to air pollution, note that when a 
polar air mass invades a region, it quickly sweeps 
the pollution away, and a fresh, good atmosphere is 
restored. Away? We do not understand the natural 
processes in full; but through diffusion, turbulent 
mixing, chemical and other interactions, the restor- 
ation is quite complete. The carbon dioxide content 
of the atmosphere has increased a few hundredths 
of a per cent over recent years, as measured at a 
motmtain peak observatory in Hawaii. This increase 
seems to offer no serious obstacle to life on Earth. 
The heavy metals, most prominently lead and mer- 
cury, are apparently no more persistent in the at- 
mosphere than carbon monoxkle, the sulphur com- 
pounds, the hydrocarbons, and other pollutants. 
U all of man's fires were extinguished tonight, the 
Earth's atmosphere would approach "pristine" con- 
dition in 10 days to 2 weeks. The increased back- 
ground of carbon dioxide and perhaps of radiation 
and the particulates would linger. As the late W. T. 
Pecora, director of the U.S. Geological Survey, 
noted, three tremendous volcanic explosions poured 
more particulates and more noxious gases into the 
atmosphere than all of man's activities since the be- 
ginning of time {Bulletin, Oct. 1970). Thus, it seems 
that the air has tremendous recovery potentials. 
It has taken billitms at years to ev<dve to its pres- 
ent state. 

Water pollution offers greater difficulties. Yet 

if man were to stop pollution completely, a "pris- 
tine" condition would develop in most streams in 
about 6 to 10 years. The mud flats, the natural 
stream orosion— aggradation, degradation, and sed- 
hnentation (added to by the sediments washed 
from man-made scars left by mining and similar 
operations)— would continue. 

"Pristine" does not necessarily mean, however, 
the sparkling dear water that the mind usually 
vbualizes. In lakes, man-made pollution would be 
stabilized, in two or three decades, and then the 
lakes would contmue their normal eutrophication 
toward extinction. Even Lake Erie would make 
great recovery, but the more polluted lakes mip^t 
take up to a hundred years. The oceans, includu^ 
beaches and estuaries, would make remarkable re- 
covery in two or three decades. 

On the land areas, soil erosion resulting from 
excavations and the destruction of cover would 
continue until the cover is reestablished, which in 
some cases may take several decades or even cea- 
tmies. As shown by the work in the Tennessee 
VaUey and elsewhere, reforestation and agricul- 
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tural practices can greatly accelerate the recov- 
ery process. If we accept the idea that before the 
Romans, the spine of Italy was heavily forested — 
and similarly the upland areas of Greece and Asia 
Minor, and Asia below the timber line— the natural 
restitution of the original forest condition might 
take several millennia. 

The gjoss pollution of land areas by trash and 
junk would undergo substantial disintegration in 
humid areas in a 100 years, but mounds would re- 
main as monuments to our folly for several cen- 
turies. In dry areas, the process would take longer, 
except as the junk heaps are buried in drifting 
sands. The archeologists should find interesting dig- 
gings. Highways, large open-pit mines, and large 
concrete dams would be in evidence until the down- 
warping of continental plates over millions of years 
return^ these areas to the EJarth's mantle. 

But man's activities on Earth are not to be termi- 
nated tonight— or in a 100 years — and pollution will 
not be terminated. Thus, we must mitigate its effects. 
Man has the know-how. or the intelligence to secure 
the know-how, to accomplish mitigation and make 
the Earth habitable indefinitely. But does he have 
the will? It will cost a lot and take much effort just 
to get caught up, and then to continue to control 
the difficulties that our civilization has brought on. 
What science and technology have brought about, 
given the where-with-all and the continuing popu- 
lar desire, science and technology can mitigate. 
Solutions for many of the problems are now in hand, 
ready for application on a large scale. Other tech- 
niques are in the laboratory stage, and still others 
are under research. Perhaps in some ways, the 
heavy-element contamination of our waters is the 
most difficult problem. For example, the mercury 
now in river and lake sediments will continue to con- 
tjiminate those waters for a thousand years or 
more, unless we find some way to remove or stabi- 
lize the mercury. DDT, polychlorobiphenyl (PCB), 
and other compounds that are non- or very slowly 
degradable seem difficult. But beyond the essential 
research and development, the problems are eco- 
nomic, social and political. How will those problems 
be solved? It will take outstanding scientific, politi- 
cal and technological leadership. 

The systems approach is essential. Pollution 
relates chiefly to renewable resources. The non- 
renewable resource problems are passed over light- 
ly both by Commoner, and Ehrlich and Holdren 
(and by Ehrlich in his book, Tlie Population Bomb). 
Meadows et al. in The Limits to Growth take a 
systems approach, but are grossly in error in their 
assumptions. 

As one looks back on the history of past civ- 
ilizations, especially those of the Middle East and 
westward to Greece and Rome, he finds that many 
rose to great heights, then declined and ultimately 
disappeared. Historians usually conclude that the 
decline in most cases was chiefly the result of ex- 
ternal influences, especially aggression. But there 
seems to be much evidence tlwt, in many cases, 
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the decline was largely caused by the then usable 
resources being used up. When a neighboring 
state developed a new resource (or technique), 
it became ascendant. The Greek city-states, 
pretty much in balance for many years, could not 
reach out very far without impinging on another 
city-state. The Romans developed a great but slow 
transportation system. Many influences led to its 
decline: malaria in the Pontine Marshes, corruption 
in high places, waters poisoned by lead pipe which 
the Romans invented, and the aggression of the 
"barbarians" from the north. But here, too, the 
laboriousness of transportation took its toll; the 
Romans had largely used up the usable resources 
within their reach. 

Now the whole Earth is within one grreat trans- 
portation network. No point is now more than 
48 hours away by direct air flight. Oil tankers car- 
ry hundreds of thousands of tons of petroleum over 
thousands of miles, aided by pipelines hundreds 
of miles long. The resource problem is now world- 
wide rather than local or regional. The resources 
are finite. The energy resource is thought by many 
to be the most critical. There is evidence that petro- 
leum yields in the United States are permanently 
on the decline, and that by the year 2000 the world 
yield will have passed its peak, with natural gas 
not far behind. Coal will last for another 200 or 300 
years; but as used now, the use of coal will increase 
air pollution. Strip mining destroys the land and 
increases erosion and tends to increase mine seep- 
age. But these are problems that we can meet— 
if we will. 

Atomic energy in great magnitude is within 
our reach; present type of reactors can meet our 
energy needs without serious damage to our envi- 

ronment if planned correctly, according to Alvin M. 
Weinberg and R. Philip Hammond ("Global Effects 
of Increased Use of Energy ," Bulleti?i , March 1972). 
Later the breeder reactor and, still later, the fusion 
reactor will come; these should meet man's energy 
needs for 10,000 years or more. But 10,000 years 
make an interval only a little greater than the span 
of man's recorded history, and not more than a 
minute or two on the clock of man's existence on 
this planet. Surely within that interval solar en- 
ergy will be developed, which has the potential of 
meeting man's needs for the diu-ation of the solar 
system. 

But what about other resources, especially the 
nonrenewable? The total supply of most metals is 
sharply limited; even now we must dig deeper, go 
farther, and use lower grade ores. No optimism is 
justified here. The supply can be extended substan- 
tially by intelligent recycling, which should be an 
important by-product of our cleaning up to main- 
tain a clean environment. In the last hundred years 
or so, man has shown great ingenuity in the de- 
velopment of materials from resources hitherto of 
little use. The steel age is only a little over a hund- 
red years old. Reinforced concrete is a product of 
this century. Aluminum was a rare metal at the 
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time of the World's Fair in 1906. Fiberglass, plas- 
tics, atomic energy, and the laser are developments, 
if not discoveries, that have come into use since 
World War II. These and similar products under- 
score what man can do, and offer hope for the fu- 
ture. Who knows what a shovdful of earth or a boul- 
der holds for man a hundred or a thousand years 
hence? 

We must not forget the great heritage that 
we received from the past— in mathematics, phy- 
sics, art, literature, music, philosophy— as well 
as a largely unspoiled land. Is our heritage for the 
future to be an utterly despoiled and sterile land? 
We should surely hope better for our progeny. 
We must come back to the concept of a finite 
ESarth. What is its ultimate capacity— not just 
for a century or even a millennium? Population- 
wise it has already exceeded its capacity were man 
entirely nomadic or even agrarian, although some 



may take China and India as exceptions to the lat- 
ter. Japan, highly industrialized with its 105 million 
people, still has large green areas; and its large 
northern island, Hokkaido, about the size of Ohio, 
has only five million people. There is still room for 
population increase there, if they meet the increas- 
ing industrial and domestic pollution problems. 

Population growth projections, even by the 
most sldlled demographers are likely to involve 
gross error. 1 recall a widely publicized projection 
back in the days of the depression, in the mid-1930s. 
The population was then about 140 million; it 
was projected to increase slowly to reach 160 mil- 
lion by the year 2000, and then begin to decline 
slowly. Every long-range forecast needs to have its 
assimiptions clearly qualified and stated— and 
even then, not taken seriously. 

Waldo E. Smith is executive secretary emeritus of 

the American Geophysics Union. 



A Note on Carbon Monoxide 



Nature is responsible for about 90 per cent of all the 
carbon monoxide (CO) released into the atmosphere, 
according to Robert Bobbins of Stanford Research Insti- 
tute's Atmospheric Sciences Laboratory. 

Although man's automobiles and factories each year 
spew out about 400 million tons of this poison gas, this 
is only about 10 per cent of the more thUan 3 billion tons 
that atmospheric scientists now believe are produced 
every year by natural sources. 

From 1967-1970, under a project supported by the 
U.S. Public Health Service and the National Science 
Foundation, SRI researchers Robbins and Elmer Robin- 
son measured the atmospheric concentration of CO 
in remote ocean and arctic regions and elsewhere. They 
calculated thatat)OUt 600 million tons of CO are normally 
present In ffte global atmosphere. This figure agreed 
reasonably well with earlier estimates based on very 
limited data. 

From this figure for global concentration and from the 
known emissions of CO into the atmosphere— mostly 
by man-made sources— the SRI researchers then cal- 
culated the average lifetime of CO in the atmosphere 
to be about 2 years. 

In 1969, Bernard Weinstock of Ford Motor Co. cal- 
culated the lifetime in the atmosphere of CO corrtaining 
a radioactive isotope of cartxin. Since the chemical and 
physical behavior of CO containing this isotope is identi- 
cal to that of normal CO, he concluded that the lifetimes 
of the two types should be the same. The lifetime that 
he obtained by this method was only about a tenth of 
a year. 

Scientists reasoned that if the actual lifetime of CO 
is this brief— and Weinstock's calculation has since been 
confirmed— thon there must be some very large, here- 
tofore unknown source to account for the measured 
concentration of this gas. 

They began to suspect that methane might be this 
source. Robbins and Robinson had previously estimated 
that 1.6 billion tons of this "marsh gas" are released into 
the atmosphere every year, principally from decaying 
vegetation in marshlands. 

All of this methane is now tielieved to be converted 



eventually to CO, producing 3 billion tons or more of 
this gas. The principal agent of this conversion is be- 
lieved to be an exotic oxidizer known as the hydroxyl 
radical, which is present in the atmosphere in very small 
amounts. 

Other much smaller natural sources include biological 
materials in the ocean, decaying chlorophyll, and cer- 
tain growing plants. 

Despite the enormous amounts of CO released into 
the atmosphere every year, the atmospheric concen- 
tration of this gas has remained fairly constant for many 
years at about 0. 1 part of CO per million parts of other 
gases. Robbins and his associates have found that the 
air trapped in ice samples datirtg from 600 B.C. to 1850 
AD. has about the same concentration of CO as the 
measured glotyal concentration today. 

The principal sink for all this CO is believed to be the 
same hydroxyl radical that produces this gas from meth- 
ane in the first place. This material oxidizes CO to cartxm 
dioxide (CO 2). 

Microorganisms in the soil are another important sink 
for CO. An SRI group led by Rottert Inman has found 
that most soils contain fungi that evidently convert CO 
to CO 2. They estimate that, under favoraUe conditions, 
the soil surface of the United States alone Is capable 
of removing about 600 million tons of CO from the atmos- 
phere per year— compared with the 400 million tons 
produced annually by man. 

Even if man's CO emissions were to increase 10 to 
100 times, they would probably have no serious effect 
on the atmospheric background concentration of CO. 

But this would small consolation for ttie man with 
his nose in an exhaust pipe. Such a man would 
be breathing at least 10,000 parts per million of CO— 
enough to kill him within 5 minutes even if it contained 
no other pollutants. A concentration of 100 ppm could 
give him a splitting headache after a few hours' 
exposure. 

Luckily, 100 ppm is an unusually high concentration 
of CO. On the freeway during the rush hour the air is 
typically around 15 ppm. It rarely gets up as high as 
100 ppm even In a freeway traffic jam. 
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Demophora 

Greeks Had Words for the Interdependence 
of Biological and Technical Growth 



[Biological Conservation, October 1972) 

The purpose of this note is to publicize a new and po- 
tentially useful word introduced at the International 
Conference on Environmental Future held in Finland, 
June 27 to July 3. 1971. The definition and context of 
use appears in a paper by J. R. Vallentyne in the confer- 
ence proceedings (N. Polunin, ed., "The Environmental 
Future." 1972). 

The word is demophora as a noun, demophoric as an 
adjective, with suggested accents on the second and 
third syllables, respectively, as in geography and geo- 
graphic. Derived from Greek {demos, population; phora, 
production), it is intended for use in combined refer- 
ence to hunum population and technological produc- 
tion-consumption, using the latter term to encompass 
not only products of manufacture and cultivation, but 
also the resources consumed and wastes generated in 
their production and use. The word stresses the unity 
and interdependence of biological and technological 
phenomena inherent in the "man-machine" concept, 
with implications that are primarily, though not ex- 
clusively, metabolic. 

Two considerations motivated us to invent the word. 
The first was a scientific need to express the interplay 
of cause and effect relationships between human popu- 
lation phenomena and technological growth. The 
second was a need for new tactics and strategies to 
facilitate global agreement to control the rates of human 
population growth, environmental pollution, and re-" 
source depletion. 

The scientific value of the word hinges on the exis- 
tence of causal interrelationships between population 
and technological phenomena. The surprising thing is 
not the lack of evidence for such relationships, but the 
absence of a word to describe and epitomize them. 
Numerous causal connections t)etween population and 
technological phenomena were, for example, described 
by Adam Smith in The Wealth of Nations, and others 
uncovered since that time now form much of the basis 
of current socioeconomic doctrine. 

In a similar sense, it is widely accepted by human 
evolutionists that tool-using primates and their associ- 
ated "technologies" evolved as coupled systems— a 
change in one inducing a change In the ottier— with 
selection operating on the total system as a unit. Also, 
from an ecological point of view, R. Margalef has pointed 
out that the biomass and metabolism of Homo sapiens 
must logically be defined to include tools, machines, 
factories, vehicles, and the like, in addition to biological 
tissues. Finally, the combination of the two aspects of 
human "metabolism" into a single word permits certain 
characteristics of the "man-machine system," such as 
momentum, to be described in a manner that cannot ade- 
quately be conveyed by ttra same components Indi- 
vidually. For the above reasons we feel that Demophoric 
Explosior) and Demopnoric Control will ultimately be 
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accepted as more accurate and meaningful terms than 
any or all of Population Explosion, Population Control, 
Technological Revolution, and the like. 

The suggestion that the word may be useful in an 
"Orwellian" sense is based on a belief in the urgent need 
for global agreements to control the explosive growth 
of human population and technological production- 
consumption. Many authorities are convinced that if 
these matters are not brought under human control 
during the present decade, then a number of unpre- 
dictable, highly disruptive and perhaps Irreversible, 
changes will result in subsequent decades. The problem 
at the present time is the low probability of agreement 
on such controls unless viewpoints change. Neither 
individuals nor nations look with favor on the imposi- 
tion of external controls. 

It is possible, however, to put forward an opposite 
view— that most individuals and governments favor 
global demophoric controls. Technologically devel- 
oped nations, for example, appear to favor instituting 
global controls over the growth of human population— 
particularly in areas where additional population growth 
is likely to bring reduced socioeconomic returns (e.g., 
over-populated, underdeveloped nations and densely 
populated urban centers in all parts of the world). Like- 
wise, developing nations appear to be overwhelmingly 
in favor of global measures for the control of techno- 
logical production<onsumption-^particularly in luxury- 
glutted, developed nations where current levels of tech- 
nological production-consumption are high and still 
rising. Viewed in this manner one could conclude, with 
some sense of reality, tttat a barterable basis for agree- 
ment does exist. 

The combination of the two phenomena into a single, 
scientifically-based word could be a critical factor in 
facilitating discussion and agreement on measures for 
the control of human population and technological 
production-consumption (demophoric control). The 
mere presence of the word could force all parties to 
recognize opportunities for individual gain through com- 
promise in a context where, by definition, agreement 
could not be miscontrued as a "loss of face." Once such 
discussions have been initiated, the critical questions 
will hinge on specific control mechanisms and the na- 
ture of "trade-off" relationships between growth of 
human population and technological production-con- 
sumption. If the word facilitates discussion on any of 
these matters, it will have served a useful and timely 
purpose; if not, little will have been lost. 

J. R. VALLENTYNE 

Fisheries Research Board of Canada 

Manitoba, Canada 

H. L. TRACY 
Department of Language 
University of Guelph 
Guelph, Ontario, Canada 



SALLY JACOBSEN 



This is the sixth in a series of Bulletin interviews 
with scientists engaged in several fields of research 
on the nature and implications of their work. The 
interviews are designed to expand communication 
between scientific researchers and the public. This 
month we invited Eugene N. Parker to discuss his 
work on the solar wind, magnetic fields and cosmic 
rays. Dr. Parker predicted the existence of the solar 
wind in 1958. He is professor and chairman of the 
department of astronomy and astrophysics at the 
University of Chicago. 

Research Review 



Eugene Parker 



On the Solar Wind, 



and Earth 



. it has been approximately a decade since the 
existence of the solar wind was verified by space 
probes. What are some of the important questions 
about outer space that researchers are presently 
trying to answer? 

I would say that some of the fundamental ques- 
tions we want to get at are the behavior of Jupiter 
and the changing intensity of cosmic rays farther 
out in the solar system. These are related to another 
question: What is the behavior of the solar wind 
near Jupiter and beyond? Both the Pioneer 10 
mission, which is now heading for Jupiter, and a 
future Mariner-Jupiter-Saturn mission may give 
us some answers to these questions. (Pioneer 10, 
launched March 2, 1972, will swing by Jupiter and, 
accelerated by the gravitational field of Jupiter, 
escape from the solar system.) 

We are also puzzled about the fluid motion of 
the interior of the Sun and the production of fast 
particles by the Sun. The origin of solar flares and 
magnetic field annihilation is another fundamental 
problem that we have been trying to understand 
for 10 years. We know more now than we did, 
but we still cannot say exactly how field annihila- 
tion happens. I'm afraid that it's a complicated 
process in which there are a number of things going 
on simultaneously. Another puzzle is the effect 
of the solar wind on global weather. Briefly, that's 
the way the frontier looks for research in this area. 




Magnetic Fields 



Weather 



Has any information relating to these questions 
been received from the Pioneer 1 0 spacecraft? 

We've received data concerning the intensity 
of cosmic rays as the spacecraft moves toward 
Jupiter. The theory is that cosmic ray intensity 
should increase as the spacecraft goes farther out 
in the solar system. The solar wind tends to sweep 
out the cosmic rays from the inner solar system, 
so we expect the cosmic rays to increase on the 
way to Jupiter. We thought that most of the modu- 
lation of the cosmic rays takes place between here 
and Jupiter, which means that by the time Pioneer 
10 gets to Jupiter the instruments should be re- 
cording twice the cosmic ray intensity plus a whole 
flock of low energy ones that never get in to Earth. 
Although Pioneer is about three-quarters of the 
way to Jupiter, this rise in intensity has not oc- 
curred. There's some rise, but not as much as was 
expected. This means that the effect on cosmic 
rays takes place farther out in the solar system. 
Perhaps this will come out in the Mariner-Jupiter- 
Saturn flight being planned. 

Another interesting observation is that there 
isn't all the sand- and gravel-sized debris in the 
asteroid belt that was expected. There were some 
predictions that the spacecraft would never survive 
going through the asteroid belt. This is a puzzling 
development because it is believed that most of 
the small debris is produced by the collision and 
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crashing of asteroids. If that is the case, why is 
there not more debris? All this information is so 
new that people have not really had time to digest 
it yet. 

What are some of the curiosities of Jupiter that 

we may learn about from the flybys? 

The red spot on Jupiter is an enigma. There's 
some evidence that it appeared about 200 or 300 
years ago. Some of the very earliest observations 
of Jupiter, made with fairly sophisticated instru- 
ments, failed to detect the red spot. The red spot 
is probably a weather pattern. At first, some 
people thought it was an iceberg floating in the 
atmosphere, but the atmosphere is hydrogen and 
nothing floats in hydrogen. Now we think it may 
be a circulation pattern. It has been suggested 
that it may represent a circulation pattern over 
a high piece of ground or a hole in the ground. 
Either condition would trap the circulation pattern. 

The radiation belts on Jupiter are another puzzle. 
Jupiter has a very intense magnetic field, which 
we know from the radio emissions from the planet. 
Radio astronomers found that it apparently has 
a dipole field like the Earth's, but it must be 20 
times stronger. There are particles trapped in it, 
but only the trapped electrons give off nwiio emis- 
sions. How many protons are there? It was an aca- 
demic question until people began thinking about 
sending a spacecraft there. Then they began to 
worry about the damage that fast protons might 
do to a spacecraft. 

A study group headed by James A. Van Allen, 
professor of physics at the University of Iowa, 
found that Jupiter may have a fantastically intense 
radiation belt of protons that would wipe out any 
vehicle coming within six Jupiter radii or 250,000 
miles of the planet. In fact, the only thing that 
they could think of that would cut down on these 
fantastic fluxes of fast particles was the possi- 
bility that lo, Jupiter's satellite, might absorb or 
stop the particles. So the question is whether a 
spacecraft can get passed lo without being 
damaged by fast protons. 

TTie Wind from the Sun 

Let s digress a moment and talk attout the solar 
wind. How did you come to call it a wind? 

It was deliberately called a wind because that's 
a fairly accurate description of it. It is simply a 
rapid flow of gas outward from the Sun through 
the solar system. The velocity of the wind is ap- 
proximately a million miles an hour. 

It is a plasma, meaning an ionized gas. The gases 
we normally encounter are not ionized, but due to 
the high temperature of the place where it origi- 
nates the electrons are stripped off the atoms, 
giving ions and electrons. 

The wind carries a million tons of gas per second 
away from the Sun, which sounds awfully impres- 
sive. But in the five billion year life of the Sun, it 
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would carry away about 1/100 of one per cent of 
the mass of the Sun. From the Sun's point of view, 
it is completely trivial. So the solar wind probably 
contributes very little to the aging of the Sun 
at the present time, but there are some reasons 
to believe that when the Sun was much younger 
it had a much more vigorous solar wind. It could 
conceivably have been important to the Sun then, 
but now it's important only to the planets. 

The solar wind is caused by the outer atmosphere 
of the Sun, the corona, which is a gas with a temper- 
ature of a couple of million degrees. It is so hot 
that it simply expands outward into space. Al- 
though the Sun has a strong gravitational field, 
the two million degree temperature of the gas 
is enough to make it stream outward. It streams 
outward all the time and in all directions frcHm 
the Sun. 

The Sun is largely hydrogen with about 10 per 
cent helium. Interestingly enough, the solar wind 
is depleted in helium. Astronomers have made 
measurements of the amount of helium in the Sun, 
and they usually get a fig^ure of one atom in 10 
or 15. Helium is about four times as massive as 
hydrogen. The explanation is that helium is a 
heavier atom, and it settles down through the 
corona. The corona is expanding upward fast 
enough to carry out some of the helium atoms, but 
only some. 

When a solar flare occurs, the helium in the solar 
wind may increase to 30 per cent. The explanation 
is that the helium has been settling out of the corona 
and accumulating like a layer of smog at the bottom 
of the corona. When a solar flare occurs, everything 
goes up, resulting in the extra helium in tiie solar 
wind. 

Ctmet Tails Clue 
How was the solar wind discovered? 

The first clue to its existence came from comet 
tails. The Crerman astrophysicist Ludwig Franz 
Biermann about 1950 got interested in comet 
tails. Elementary astronomy books explain that 

the comet tail points away from the Sun because 
of radiation pressure from the Sun. The light 
shining on the tail pushes it away. 

By the 1950s calculations could be made of the 
cross-sections to determine how the comet tail 
really interacted with the light from the Sun. Bier- 
mann pointed out that there was nowhere near 
enough push to make comet tails behave the way 
they did. Not only do they point away from the 
Sun, but they also have little knots that are ac- 
celerated at very high rates outward from the 
comet. Biermann thought about the possibilities 
and pointed out that the only explanation for this 
rapid blowing of comet tails was what was called 
solar corpuscular radiation. Previously, it was 
suggested that once in a while the Sun emitted 
large amounts of gas (solar corpuscular radiation) 



"I've been talking about this phenomenon 
in the last year because I tUnk It Is tmpor* 

tant. We will never forecast the weather 
until the meteorologist learns to take ac- 
count of audi big effects as these." 



at a high speed, but Biermann observed that the 

comet tails showed that there was always material 
streaming out of the Sun. And it was the same no 
matter where the comet came from around the Sun. 

I talked to him in 1957. The more I talked to 
him, the more I began to feel that we were fenced 
in. There couldn't be anything wrong with his ob- 
servations, which gave a completely different 
picture than the conventional one. 

I also talked to the late Sydney Chapman, who 
was a geophysicist at the University of Colorado, 
about the solar corona. He pointed out that the 
corona is so hot that it should extend clear to the 
orbit of the Earth. The more I thought about that 
remark and Biermann's remark, the more I came 
to the conclusion that the corona and solar corpus- 
cular radiation must be the same thing. 

I wrote down the hydrodynamic equation for an 
extended atmosphere, and there it was: The gravity 
of the Sun isn't enough to hold it in, and we have 
a solar wind. It is just the ordinary hydrodynamic 
equation. 

The observational estimates of the velocity made 
in those days were a bit high because they were 

based on the sudden outbursts at the time of a 
flare when there is extra heating. They were about 
1,000 to 2,000 kilometers per second. A good figure 
for the quiet day solar wind is 300 to 400 kilometers 
per second (250 miles per second). 

I called it the solar wind because I felt that 
solar corpuscular radiation gives the wrong idea. 
With that term, one thinks of individual particles 
bdng shot out, which was the original picture 
we l»d. But it really is an ordinary flow of gas. 

In 1959, the Soviet moon probe, Lunik I, detected 
the solar wind. It was a very crude measurement; 
it merely said that there's hydrogen streaming 
faster than 60 kilometers per second. The instru- 
ment was not designed to detect the solar wind; 
it merely gave this lower limit of velocity. 

Then the Mariner II satellite went up in 1962 
en route to Venus. The instruments, prepared 
by the Jet Propulsion Laboratory, were sent up 
with the idea that there was a solar wind despite 
all the scepticism. They detected a solar wind with 
a velocity of 300 to 400 kilometers per second and 
a density of five atoms per cubic centimeter. (Lunik 
I and Mariner II were the earliest vehicles to 
travel beyond the Earth's magnetosphere, which 
keeps out the solar wind.) 

People have studied the solar wind at great 
leng^ ever since. It has all kinds of interesting 



internal structures. It is always turbulent, and 
it has funny rotational discontinuities. The mag- 
netic field will be in one direction for hours, and 
all of a sudden will shift 90° or 180° from what 
it was. This all happens in just a very few seconds. 
It is a strange phenomenon. I dont know if it has 
any importance. 

What type of instruments are used to detect the 

solar wind? 

To detect the solar wind, a grid of negatively 
charged wires is set up to repel all the electrons 
from the solar wind so that only the ions flow 
through. The ions are collected, that is, the charges 
pile up on an electrode, and the current is measured. 
This grid does not tell how fast the wind is flying, 
which is the trouble the Soviets had. They knew 
something was there, but they couldnt tell how 
fast it was going. 

To do that, a positive grid is placed behind the 
negative one. The voltage is raised until the inflow 
of ions is shut off. The velocity of the incoming 
ions can be computed from the volts needed to 
shut off the current. There are some problems, 
such as the Sun shines in and produces photoelec- 
trons, creating false ciurents. 

Beyond the Planets 
How far does the vrtnd extend out in space? 

Nobody knows. It spreads out as it goes out. 
Eventually it gets so spread out and tenuous that 

it must be stopped by interstellar gas, which is 
between the stars. An estimate of the distance at 
which the wind is stopped by the interstellar gas 
would be somewhere between 50 and 200 astronomi- 
cal units, an astronomical unit being the distance 
between the Earth and Sun. Pluto is at 50. The 
wind might not get any farther than Pluto, but 
then again it might go several times farther. 

What is the effect of the solar wind on the cosmic 
rays tietween the Earth and the Sun? 

There is probably relatively little effect between 
here and the Sun because there is not enough turbu- 
lence in the wind. This will be measured in the 
planned Mercury-Venus flyby. 

The interesting thing between here and the 
Sun are the solar cosmic rays, the high velocity 
particles produced by the Sun. They come blasting 
out from the Sun and are affected by the magnetic 
fields. 

Galactic cosmic rays come from such things as 
supernovae, pulsars and who knows what else. 
They are simply fast particles that seem to pene- 
trate everywhere in space. They are largely the 
nuclei of atoms accelerated to nearly the velocity 
of light. They consist not only of hydrogen, but 
also of the nuclei of heavier atoms. They are really 

May 197S Scienee and Public Affmra 27 



Copyrighted material 



a sample of material from whatever it is that pro- 
duces them. If they are from supemovae, then 
they are a sample of material from supemovae 
accelerated to the speed of light. 

John A. Simpson, professor of physics, and Peter 
Meyer, professor of physics, here at the University 
of Chicago have been interested in investigating 
exactly which nuclei are present. By looking at 
the various isotopes, scientists can tell the tempera- 
ture and density in the object from which the cos- 
mic rays come. 

Cosmic rays exert about the same pressure as 
starlight, about 10'^' dynes per square centimeter, 
which is a big pressure in the galaxy. Cosmic rays 
are one of the things that inflates the disc of the 
galaxy. If cosmic rays were not present, the disc 
would be half as thick as it really is. 

Cosmic ra3r8 have been with us a billion years. 
We know that because they produce radioactive 
nuclei in meteorites. The radioisotopes would not 
be there if they had not been produced by cosmic 
rays because radioactive elements originally pre- 
sent in the meteorite would have long since 
decayed. 

Sometimes there's speculation that cosmic rays 
are responsible for most genetic changes. There's 
even speculation that the dinosaurs were wiped 
out by an excess of cosmic rays. It would be fas- 
cinating if there were some connection, but careful 
examination shows that there's no justification for 
the idea. 

What Is the relationship between the magnetic 

fields and the solar wind? 

The Sun generates the magnetic fields. The solar 
wind is responsible for stretching out the mimetic 
fields of the Sun. It carries the fields with it and 
stretches out the lines of force from the Sun. Inter- 
planetary space is full of weak magnetic fields, 
all pulled out from the Sun. 

The magnetosphere of the Earth is the region 
enclosed by the magnetic field of the Earth. The 
solar wind blows against the magnetic field of the 
Ekvth but doesnt penetrate it. It pushes the Earth's 
field down to a closed, finite body on the sunward 
side where it is hit directly by the wind. The field 
extends only 10 times the radius of the Earth, or 
40,000 miles, on the sunward side. On the back side, 
where there ia no wind, the magnetic field streams 
out in a long cylindrical volume 150,000 miles in 
diameter. So the magnetic field is not really a 
Sphere, even though it's called the magnetosphere, 
but a cylinder. 

The agitation of the magnetosphere by the solar 
wind, which is always shifting and shaking as well 
as turning over, folds particles into the Earth's 
magnetic field and gives them very high velocities. 
This creates the Van Allen belts, which were named 
after James Van Allen. 

The diaking of the magnetic field and folding of 
particles into the field are responsible for the 
auroras. The auroras and radiation belts are pro- 
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duced by the solar wind. If the wind were shut 
off, these would soon decay away. This may have 
happened three centuries ago. If we look back at 
the records of sunspots, which have been kept 
very diligently since Galileo started using the 
telescope, the number of sunspots during 1645 
to 1715 was extremely low, just a fraction of what 
we normally see. Normally, the sunspot cycle is 
a 22-year period; every 11 years there is a half 
cycle and a new batch of sunspots. But during this 
period, the 11-year or 22-year cycle could still 
be seen, but the sunspots tended to appear only 
at the peak of the cycle instead Ot throughout. 
Instead of thousands of sunspots, there were 
only hundreds, and they occurred only in one 
hemisphere of the Sun. 

Also, during that time the big auroral events, 
which are commonplace hi the Scandinavian coun- 
tries, practically disappeared. In addition, during 
that period people did not observe the solar corona 
during an eclipse. The corona is conspicuous to the 
naked eye during a total eclipse. Lack of a corona 
means that there was no heating of the outer at- 
mosphere of the Sun. Therefore, perhaps there 
was no solar wind, which would explain the lack 
of aurora. It might have been turned on once in 
a while, but it looks as though most of the time 
it was turned off. There are no weather records 
to consult. Certainly there was nothing catastrophic 
for life here on Earth, but it may well be that the 
weather patterns changed during that time. Who 
knows? This phenomenon has not happened since. 
Nobody can explain what in fact did happen. Why 
should the Sun continue the cycle, yet turn the 
whole thing so far down that the effects could 
hardly be seen? I dont know how to explore that, 
but it shows that there are many curious things 
going on in our solar system tiiat would be nice 
to know about. 

Would you describe solar flares? Are they related 
to sunspota? 

Solar flares and sunspots are associated. A 

sunspot is a relatively cool region on the Sun. 
The surface of the Sun is normally 6,000° Kelvin, 
and the sunspot is only 4,500° Kelvin. In the last 
century people suggested that there are intelligent 
beings living in sunspots because they are cool, 
but 4,500° is still pretty hot. 

A sunspot is a place where a very strong mag- 
netic field comes up to the surface of the Sun. 
A typical sunspot field is 3,000 gauss, about 6,000 
times as strong as the field of Earth. The field is 
associated with keeping the spot cool, and the cool- 
ness seems to be associated with making the field 
strong because the gas collapses and the field is 
pushed in. Sunspots are not yet entirely under- 
stood. They represent a place where a strong 
magnetic field e«nes throuiB^ the surface of the 
Sun. 

Whenever the field pattern gets very compli- 
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'^Weather patterns . . . somettmeB invalTe the mixing of north-sonth winds that 
cmne down from Canada and up from tlie Gulf of Mexico. The result Is the wild 
temperature variations tiiat we are experiencing tiiis winter .... The question is: 
Wliat periodically stln up Uie ttmHam from Caaada and the GalfT* 



cated, a flare is likely to develop. A flare can be 
seen in visible light, and it also shows up in the 
spectra of radio signals, ultraviolet Hght and x- 
rays. The flare is a sigfnal that a large amount of 
energy has been released very abruptly. A flare 
may last 10, 20 or 30 minutes. It can be compared 
to a small explosion, but it is a very complicated 
type of explosion. That's why we still don't know 
what a flare really is. 

During a flare particles are accelerated at high 
speeds and fill space with fliixes of fast particles 
and very intense radiation. These outbursts from 
the Sun are something like the storms on the surface 
of the Earth. About every 50 years we get a fan- 
tastically big one. There was concern in the space 
program that a man might be on his way to the 
Moon and be hit with a big burst of radiation from 
the Sun. The spacecraft was designed so that a 
man inside could survive most of the big storms. 
But a man exposed on the surface of the moon in 
the landing module would not have sirfBdent pro- 
tection if a particularly large flare occurred. A 
very intricate warning system was devised so that 
if a flare did occur, an astronaut would be able to 
return to the command module or go underground 
for protection. But it turned out that— the Sun 
being capricious as always— this sunspot cycle was 
very anemic. There were several big flares prior 
to putting a man in space, but apart from last 
August there hasn't been a respectable flare in 
a long time. In 1956, there was a big one that caused 
the counters at ground level to soar way up with 
the extra radiation. 

All of this activity can be traced back to the 
generation of magnetic fields on the Sun. At the 
present time, it seems as though those magnetic 
fields are generated by the fluid motions of the 
Sun. The gases of whidi the Sun is composed are 
oontinnally ehuming and flowing in ways that 
are similar to the ocean currents on Earth. 

Because the Sun rotates, the activity tends to 
be cyclonic. The gases generate magnetic fields, 
whidi in turn generate exotic effects, sudi as flares 
and fast particles, and contribute to the heating 
of the solar corona and the solar wind. 

The processes on the Sun present a very compli- 
cated puzzle. In feet, it is sufficiently complicated 
that we may never come up with a concise, simple 
answer that incorporates afl the important detafls. 
I am fond of drawing a comparison between the 
Sun's processes and terrestrial weather, which is 
also terribly complicated. Yes, we understand a 
great deal about the weather; but no, we cannot 
predict the weather for tomorrow or next week. 
We can understand solar events up to a certain 
point so that after one occurs we can describe more 
or less what happened. But we have not gotten 



to the point of having a concise, complete quanti- 
tative theory. The solar flare is particularly elusive 
in this respect. 

5o&ir Wind and Earth Weather 

What effect doM Me tolar wind haw on globeJ 
weather? 

Let me begin by explaining that the weather 
in the United States and Canada comes from three 
sources: the Gulf of Mexico, the Pacific Coast and 
the Aleutian Islands. The weather patterns in the 
United States and elsewhere in the world some- 
times involve the mixing of north-south winds 
that come down from Canada and up from the Gulf 
of Mexico. The result is the wild temperature 
variations that we are experiencing this winter. 
On the other hand, sometimes the weather pat- 
terns settle down with strong east-west winds. 
When this happens, jet airplanes have strong tail 
winds and break records flying from Los Angeles 
to New York. During the strong east-west wind 
pattern, there is not much Arctic or Gulf air. 

The question is: What periodically stirs up the 
storms from Canada and the Gulf? It now seems 
clear that many of the storms that come sweeping 
down from Canada originate over the Aleutian 
Islands. A storm starts when a fold or trough 
appears in an isobaric surface. This trough is the 
beginning of a storm. It dedans and contorts to 
become a storm. It then comes across Canada and 
may sweep down across the States, too. 

About 15 years ago, a number of people, includ- 
ing N.J. MacDonald, atmospheric physicist. Air 
Force Cambridge Research Laboratories, Bed- 
ford, Mass., D.D. Woodbridge, physicist, Florida 
Institute of Technology, and Walter Orr Roberts, 
president of the University Corporation for Atmos- 
pheric Research, found a very ciurious thing. A 
trough is most likely to form within a few days of 
a magnetic storm or aurora. A mag^netic storm, the 
shaking of the Earth's magnetic field, occurs when 
a big blast from the Sun hits the Earth. They 
found that if there is a magnetic storm and an 
aurora, it is fairly certain that two, three or four 
days later a trough will form. The troughs that 
form after a magnetic storm are bigger and 
stronger than troughs formed in the absmice of a 
magnetic storm. Most of our big storms occur after 
a magnetic storm. 

But there has been relatively little interest in 
this even though the statistics show that it is a 
big effect. Indeed, this idea has been rejected 
outright in many quarters. We don't know what 
the connection between magnetic and terrestrial 
storms is, but I think that Roberts has taken a 
very rational view of this. He says there are many 
possible explanations. For instance, suppose that 
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"Auroras and magnetic storms as well as their effects on the upper and lower 
atmosphere of the Earth can be studied only with instruments carried out tlwough 
the atmosphere Into space. We can theorise, bat without space probes we will 
never know the answers.** 



an aurora is a flux of fast particles that hits the 
top of the atmosphere and excites the atoms, which 
creates the auroral glow. In the process, ions are 
produced. If these ions are mixed into the at- 
mosphere -about 40,000 to 50,000 feet up-by 
winds, they would form the nuclei for the con- 
densation of moisture, particularly in high cirrus 
clouds. The greenhouse effect will occur: The cirrus 
clouds will let light from the Sun through, but not 
let the infrared light back through. The tempera- 
ture begins to rise, and a trough forms. This is 
one explanation of how the mechanism might work. 

I've been talking about this phenomenon in 
the last year because I think it is important. We 
will never forecast the weather until the meteorolo- 
gist learns to take account of such big effects as 
these. 

Research and Relevancy 

I think this is an excellent example of research 
with no obvious practical value breaking new 
ground and discovering some very important 
things. In fact, if we are breaking new ground, we 
can never anticipate or justify what we are doing 
in terms of practical application. If we knew ahead 
of time what the effects would be, we would not 
be breaking new ground. 

In the past few years, funds for basic researcti 
have been drastically cut. Why do you think this 
has happened? 

It's fashionable. We seem to vacillate between 
total indifference to science on the one hand, in- 
terspersed with flights of egotism and hysteria. 
If we look back at the history of the U.S. attitude 
toward science, this would be obvious. Starting in 
the 1920s, we were more or less oblivious to science. 
We had a few people who did some very good work, 
mainly experimental; but there were hardly any 
theoreticians, except Josiah Willard Gibbs. We 
more or less slumbered. 

Then fission was discovered in Germany in the 
1930s, and we suddenly woke up. Fortunately, by 
that time, we had people like J. Robert Oppen- 
heimer, who had developed a new school of theoreti- 
cal physics. Even luckier, we had political refugees, 
some of whom were the best European scientists. 
By sheer luck, we were able to develop nuclear 
power and bombs, racing against what we thought 
was the German development at that time. Then 
the United States realized that it had to stay in 
the field of science. But soon complacency set in. 
Since we had made these big strides forward, it 
was very easy for those outside of science— and 



even those within— to say that now we can relax. 

Then came the Soviet development— Sputnik. 
Also, the Soviets were the first to reach a certain 
stage in the development of the hydrogen bomb, 
which was a shock to the American people. Follow- 
ing Sputnik, there was simp^ hysteria. Scientific 
projects, good or bad, could be funded relatively 
easily. Everything was geared to science. Science 
was going to make us a world power. Now we 
are a world power, and that hasnt worked out as 
well as we had hoped. The reaction is that science 
is ridiculous and that it has caused us many prob- 
lems. I don't think our problems were caused by 
science. We had the problems before, and we con- 
tinue to have them. But now it's fashionable, par- 
ticularly among intellectuals, to s^, "We don't do 
science, we only do practical things." 

The ifashions are 99 per cent irrelevant. They 
always have been and probably always wiU be. 
I suspect that funds for science will be cut consid- 
erably more, and I suspect that our presently 
deteriorating position with regard to the develop- 
ment of new technical projects will continue to 
worsen. The only solutions that have been offered 
are short-sighted ones. For example, if our engi- 
neering falls behind, the short-sighted answer is 
to produce more engineers. This may be all right 
for a few years, but basic scientific discoveries are 
needed as a foundation for engineering. 

I suspect that we will get into a crisis situation 
and the fashions will go the other way. There will 
be public hysteria, and then there will be a lot 
of money for projects. And the money will be used 
very inefficiently because it will be used tm crash 
programs. Nothing is ever done until there is a 
crisis. That's why so many programs and projects 
have been so expensive. 

Do you need the space prot>es for your research? 

We can get some things from investigations on 
the Earth. But without spacecraft we would simply 

have to forget about some problems. For instance, 
the question of whether Jupiter and Saturn have 
radiation belts can only be explored by space- 
craft. The pn^rties of the solar wind in the outer 
solar system falls into the same category. Hie x-ray 
and ultraviolet studies of the Sun and solar flares 
can be studied only with instruments carried out- 
side the atmosphere of Earth. Auroras and mag- 
netic storms as well as their effects on the upper 
and lower atmosphere of the Earth can be studied 
only with instruments carried out through the 
atmosphere into space. We can theorize, but with- 
out space probes we will never know the answers. 
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Reflections on Politics and Pluralism: 
A Response To Jeremiads 



ANDREW M. GREELEY 



Out on the prairie soil of Illinois where I live I 
devote Saturday mornings to absorbing the flow of 
wisdom coming in my direction from the Olympian 
heights of editorial offices. I diligently pursue 
Commentary, The Public Interest, Sociol Policy, 
New York Review of Books, Saturday Review, So- 
ciety, Harper's, Atlantic, Commonweal, Christian 
Century, Intellectual Digest, The New Republic, 
Psychology Today, and the previous Sunday's New 
York Times, which has just been delivered five 
days late by our socialist postal service. Having con- 
scientiously discharged my duty, I turn for light 
escapist reading to St. John of the Cross's Dark 
Night of the Soul. 

By noon every Saturday I am convinced that not 
only are things disastrously bad, indeed apocalyp- 
tically so, but that they are rapidly getting even 
worse. I am further discouraged by the thought 
that the authors and editors of these worthy jour- 
nals are probably having a splendid time at cock- 
tail parties in their weekend homes in suburbia, 
while their work has put a pall on my weekend 
that can be lifted only by an improbable victory 
of the Chicago Bears on Sunday afternoon. 

Depending on which journal has made the strong- 
est impact, I am faced with the thought that we are 
involved in an environmental Gotter-dammening, 
or that we live in a society of horrendous inequali- 
ty and injustice, or that legions of hard-hat ethnic 
middle-American racists are closing in on all sides. 
All education has failed, all social policy has failed, 
everything has failed. We are in the grip of a 
generation gap, future shock, backlash, alienation, 
permissiveness, revolution, a heroin epidemic, and 
the collapse of the family. The American citizenry 
is turning away from its conscience and refusing to 
"come home"; the American people are evil, cor- 
rupt, immoral, fundamentally wrong. One-dimen- 



( Editor's Note: Not all sociopolitical analysis must 
be couched in the stiff, impersonal prose of the 
technical journal. An informal, subjective approach 
to the review of contemporary issues in the social 
sciences characterizes the widely published work 
of the Rev. Andreiv M. Greeley, a Chicago .sociolo- 
gist. Fr. Greeley, a Roman Catholic priest, is di- 
rector. Center for the Study of Anicrican I'hirah'sm. 
National Opinion Research Center, University of 
Chicago.) 



sional man dominates what is left of the environ- 
ment; our country is failing to reorder its priori- 
ties; American society is coming apart. 

There are a number of replies one could make to 
the prophets of doom. One could cite, for example, 
excellent research data that indicates that the 
family is not collapsing, that there is no such thing 
as either future shock or a generation gap, that 
there is relatively little alienation west of the Hud- 
son River, that young people are not revolutionar- 
ies, that the amount of sexual promiscuity does 
not seem to have changed much in several decades, 
and that the ethnic backlash seems to be invisible. 

Alternatively, one could raise questions, both 
logical and philosophical, about collective guilt. 
Is the whole society fundamentally immoral or 
just part of it? If so, what part? Eighty per cent? 
Forty per cent? Is the society so corrupt as to be 
irredeemable? If it is redeemable, what are the di- 
mensions within it that make it so? Might not Han- 
nah Arendt be correct after all when she said that 
if everyone is guilty then no one is? 

Or one could try to engage in systematic dis- 
cussion of the complexities and nuances of all our 
social problems and trot out vast quantities of tech- 
nical data which would indicate that neither are the 
problems so bad nor the solutions so obvious as the 
wise men would have us believe. 

But to engage in such dialectic efforts would be 
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a waste of time, for we are dealing here with neith- 
er issues about which men of good will can debate 
nor with questions of fact for which empirical evi- 
dence can offer answers. We are dealing with sym- 
bol systems, with implicit pictures that enable 
the sophisticated intellectual elites of a society 
to order and interpret the phenomena that impinge 
on their consciousnesses when they consider the 
society of which they are a part. These symbol sys- 
tems are socially constructed and reinforced and be- 
come the basic categories of analysis and explana- 
tion. In the words of David Matza: 

Assumptions are usually implicit. They tend to remain 
beyond the reach of such intclloclual correctives as argu- 
ment, criticism, and scrutiny .... Left unattended they 
return to haunt us by shaping or building theories that 
purport to explain major social phenomena. Assumptions 
may prompt us to notice or to ignore discrepancies or 
patterns that may be observed in the empirical world. 
(David Matza, Delinquency and Drift (New York: John 
WUey & Sons. 1964K) 

We suffered recently a national election in which 
two upper middle-class groups fought for political 
power— Harvard Yard versus Orange County, 
the New Class versus Disney, or as Kevin Phillips, 
the author of The Emerging Republican Majority, 
remarked to me, PhDs versus those who eat lunch 
at Howard Johnson's. The New Class of intellec- 
tuals and social helpers, conscious of its own intel- 
lectual and moral excellence and the superiority of 
its critical analysis of American society and cul- 
ture and its surpassing worthiness to govern, took 
control of the Democratic Party in 1972 and ran 
the most open, just, fair, and reformed political 
convention in the history of the land. This was a 
convention in which all the oppressed groups in the 
society were duly represented (with the proviso 
that the best representatives of the oppressed were 
those of high academic rank). That convention pro- 
ceeded in the most open and democratic way to pur- 
ify itself of the corrupt and immoral old politicians 
and the cigar-chomping labor bosses who had man- 
aged to get in. It then nominated a man whose in- 
telligence was certified by his PhD and whose mor- 
al excellence could be questioned by no one. Faced 
with a choice between those who seemed to have 
principles for every occasion and those who had 
no principles at all, the American public decisively 
chose the latter. If the responses obtained by thou- 
sands of pollsters who milled around the country in 
early and middle autumn 1972 showed anything at 
all, it was that the sentiment felt by most Ameri- 
cans toward the very "clear choice" offered them 
was basically similar to the sentiment of that un- 
fortunate Mercutio caught in the crossfire between 
tiie Montagues and Capulets, "A plague on both 
your houses!" 

It is with this puzzle, I think, that any attempt 
to reappraise contemporary American society must 
begin. Virtually everyone in the intelligentsia— 
from The Public Interest and Commentary on the 
one hand to Social Policy and the New York Review 
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of Books on the other, from Norman Podhoretz to 
Anthony Lewis— was absolutely convinced that 
this was a "clear choice" election. The vast majori- 
ty of Americans seemed equally convinced that it 
was a "lesser of two evils" election. The best minds 
of the country were absolutely certain that this 
would be an election to divide the sheep from the 
goats and would clearly indicate whether the Amer- 
ican people were ready to "come home again" or 
not. 

I can only say that the best minds of the country 

were profoundly wrong, and it is hoped that some 
of them will bracket, temporarily at least, their 
pictures and their assumptions, their symbols and 
theur myths, and consider the possibility that they 
may not have the fogfgiest notion of what the hell 
is going on out there beyond the Hudson River. To 
put the matter somewhat differently, when approx- 
imately three-fifths of the population supports the 
liberal position on such major issues as gun control, 
integration, guaranteed annual income, pollution, 
and peace, the liberal propensity for losing elec- 
tions ought to raise in the minds of at least some 
of the members of the New Class the possibility that 
the problem may not be so much the immorality of 
the American public as their own myopia. As a 
young Polish-American historian puts it: 

During the first hundred years that the Polish communi- 
ty in Detroit has existed, the American view of the im- 
migrant and his progeny has changed considerably. The 
brutish, antidemocratic ignoramus; the strikebreaking 
supplanter of honest American labor; the advance guard 
of anarchism and Bolshevism; the mindless tool of the 
papal conspiracy was transformed by the 1940s into the 
kindly, gentle, slightly comic fellow who, waving his 
citizenship papers proudly, burbled heartwarming pa- 
triotic cliches in his broken, night school English. Now, he 
is again transformed into the racist hard-hat. These ra- 
cial stereotypes, many of them conflicting, reveal much 
more about the projected hopes and fears of American 
society than they do about the immigrant. (Thaddeus 
Radzialowski, "The View from the Polish Ghetto: Some 
Observations on the First Hundred Years in Detroit." 
Unpublished paper. Department of History, Southwest- 
em Minnesota State College, Marshall, Minn., 1972.) 

Telling It Like It Was 

I am suggesting, therefore, that one of the items 
that should be on all our agendas for the next dec- 
ade or so is an exploration of America — not the 
America we perceive through the smog banks ly- 
ing low over the Jersey flats, nor the America of 
wandering journalists like Peter Schrag or Bill 
Moyers, for whom "telling it like it is" means tell- 
ing it like they knew it was before they got to New- 
ark Airport. As my own modest contribution to- 
ward mapping the roads for such an exploration, 
let me cite two phenomena. 

The first is the plight of the "guest workers" in 
Western European social democracies. Whether 
they come from Africa, Yugoslavia, Spain or Italy, 
they are permitted to stay only for brief periods 
of time, are generally not allowed to bring their 
families, and are vigorously excluded from citizen- 
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ship. Such practices seem so incredible to Ameri- 
cans that we simply ignore them as if they didn't 
exist. We are told repeatedly, for example, how 
"progressive" and "enlightened" the Swedes are 
and how much we have to learn from them. Yet 
for all their progress and enlightenment, they are 
not about to treat Italian guest workers like any- 
thing more than outcasts who are not especially 
welcome, and surely they will never be permitted 
to become Swedes. 

Like so many other things in American society 
that are taken for granted, no one has thought it 
particularly worthwhile to understand why citi- 
zenship is so readily accessible in the United States 
to immigrants, when in most other North Atlantic 
countries it is but rarely conceded to foreigners 
and then only under the most rigorous circum- 
stances. 

Core of Beliefs 

As Arthur Mann at the University of Chicago 
has suggested to me, the founding fathers of the 
United States, political philosophers that they 
were, were very conscious of the need for an in- 
tellectual and cultural base for their new nation. 
Such a base could not be religious because the so- 
ciety was already denominationally pluralistic: 
Congregationalist in New England, Quaker in Penn- 
sylvania, Anglican in New York and Virginia, Meth- 
odist and Baptist in the South. Nor could the cul- 
tural basis for the society be ethnic. Even at the 
time of the Revolutionary War at least half of the 
population was not Anglo-Saxon. (Most of the non- 
Anglo-Saxon half were Scotch-Irish, German, or 
black.) Nor could the common basis be a unique 
cultural heritage, for while the Battle of Hastings, 
the Magna Carta, the War of the Roses, and the 
Glorious Revolution meant something to the Anglo- 
Saxons, it meant much less, if anything at all, to the 
non-Anglo-Saxons. 

Therefore the founding fathers decided, as the 
early naturalization laws make clear, the central 
core of beliefs that was to create the American na- 
tion must consist of certain political principles as 
contained in the Declaration of Independence and 
the Constitution. Citizenship would be granted to 
the man who was willing to be a "citizen" in the 
Enlightenment sense of the word. No man who com- 
mitted himself to the political principles of the 
eighteenth century, and who was willing to pledge 
allegiance to them as they were enshrined in the 
Declaration of Independence and the Constitution, 
could be excluded from citizenship whatever his 
religion, his ethnicity or his heritage. 

I suppose Jefferson and Madison would have been 
horrified at the thought that within something less 
than a century, while the population expanded 
across the continent, 45 million new immigrants 
would come to the shores of the United States from 
all over the world. However grudgfingly, the native 
Americans did indeed admit the immigrants, re- 
quiring (in theory at least) only that they pledge al- 
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legiance to the political system in order to achieve 
equal rights as citizens. The system may have been 
flawed, but it was flawed in practice, not in the- 
oretical statement. The incredible thing is not that 
there has been injustice and violence in the history 
of the United States, it is that the country has held 
together at all. 

Losing Nerve 

But let us be clear about the flaws. Neither the 
blacks nor the American Indians were given an op- 
portunity to become citizens. Orientals were ad- 
mitted for a time but then excluded. Eastern and 
southern Europeans were admitted by the millions, 
but then the American republic lost its nerve and, 
departing from its principles of equal access to ci- 
tizenship, established quota systems to keep the "in- 
ferior" peoples of eastern and southern Europe from 
contaminating the native American stock. German- 
Americans, whose loyalty to this country should 
never have been questioned in either 1916 or 1941, 
were forced to pay a heavy cultural price for being 
German. Japanese-Americans were herded togeth- 
er in concentration camps during World War II. 
Finally, while in theory it was not required of im- 
migrants that they give up either their own langu- 
age or their own culture, in practice the social pres- 
sures were so strong that languages were lost and 
cultures were repressed. 

But the American creed kept us uneasy about 
these transgressions. The Immigration Act of 1965 
eliminated quotas against Orientals and eastern 
and southern Eiuropeans. While injustice against 
blacks and American Indians remains, practically 
no one in the society defends it any longer, and 
major efforts are being made to eliminate it. More 
recently, in great part as the result of black empha- 
sis on cultural diversity, the country has at last be- 
gun to come to terms with the religious, racial, 
ethnic, and geographic diversity that exists within 
its boundaries. 

Despite all its flaws, then, the American experi- 
ment in pluralism has been in many ways an in- 
credible success. When one looks at the ethnic, re- 
ligious and racial conflicts in Indonesia, Ceylon, 
India, Bangladesh, Iraq, Burma, Cypress, Palestine, 
Yugoslavia and Ulster, one is astonished that there 
has been so little conflict and violence in American 
society. Despite its large population, its immense 
geography and the variegated origins of its citizen- 
ry, the United States has had only one civil war, 
and that was a conflict between two basically Brit- 
ish-American groups. Scotch-Irish and Celtic- 
Irish in the United States get along reasonably well, 
while in Ulster they still shoot at one another. The 
United Kingdom may be a far more civilized place 
than the United States, as many of our self-critics 
are only too happy to remind us, but that Celt and 
Saxon are at peace with each other here surely 
must be considered some sort of progress over the 
situation in Ulster. 

The second phenomenon can be described more 
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briefly. In research currently underway, my col- 
leagues and I have been investigating changes of 
political attitudes and opinions in American society 
over the last two decades. Surprisingly enough, 
on a multi-item scale there has been little change 
in the proportion termed "liberal" in 1956 and 
1968. Using this scale dichotomized the popu- 
lation in 1956; 48 per cent were "liberal" in 1968, 
a decline of only two percentage points. What 
this small change masks, however, is a considerable 
change at both ends of the scale: that is, that the 
proportion "very liberal" and the proportion "very 
conservative"have both increased. But they increas- 
ed in equal proportion, thus leaving the mean un- 
changed even though the "center" position has 
eroded. 

But this phenomenon is not replicated among 
the ethnics. While half of them were "liberal" hi 
1956, 67 per cent were "liberal" in 1968; and while 
4 per cent were at the far liberal end of the con- 
tinuum in 1956, 25 per cent were there in 1968. The 
general population (white urbanites outside the 
South, for the basis of this comparison) has remain- 
ed at the same mean over the period despite the in- 
creased size of the poles. At the same time the 
ethnics have clearly moved to the left— exactly 
(^posite to the "backlash" view of the convention- 
al wisdom— and precisely at a time when the eth- 
nics were notably improving their socioeconomic 
status. 

My main proposal, then, is quite simple. We 
should endeavor to understand American society 
as it really is and not as it looks from an airplane 
flying from Kennedy to San Francisco Internation- 
al Airports. Alexis de Tocqueville quite correctly 
noted the amazing American propensity for self- 
conscious evaluation of the successes and failures 
of the republic, an evaluation that, understandable 
in view of some of the comments I made earlier, 
was done within the terms of the extraordinary 
political ideab that bound the republic together. 

Binding Forces 

What are the forces that bind the society togeth- 
er despite the immense centrifugal forces at work? 
What are the cultural riches that may be latent in 
the various subpopulations? What are the aspects 
of the symbol system of the American civil religion 
that can be activated to facilitate positive and con- 
structive social change? How does one go about 
putting together a constructive coalition in Ameri- 
can society? 

To put the matter differently: We have not been 
able to accomplish social change of a major sort in 
the last decade by massive government expendi- 
tures, by extraordinarily activist court decisions, 
by protests and mass demonstrations, by threats 
of revolution, or by the micropolitics through which 
power was seized in the Democratic Party. We 
might now try understanding. 

But of course that requires time and energy. 
Moral denunciations need little of either. 
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Three icebreakers push an Antarctic iceberg near McMurdo Station. Their combined efforts moved the berg 
2.5 miles in 12 hours. 



W. F. WEEKS and W. J. CAMPBELL 



Water supply problems are clearly becoming in- 
creasingly crucial in a number of areas of the world. 
Unfortunately 85 per cent of the world's available 
fresh water resides as ice in the Antarctic and Green- 
land. TJiis water has generally been considered unavail- 
able to portions of the world where large amounts of 
water could conceivably be utilized. In the present 
paper, recent ideas for supplying, via the towing of 
icebergs, large amounts of water in the form of ice to 
arid coastal areas in the Southern Hemisphere are 
discussed. It is suggested that the idea appears both 
technologically feasible and economically attractive 
and merits serious consideration. W.F. Weeks, a gla- 
ciologist, is a member of the Snow and Ice Branch of 
the U.S. Army Cold Regions Research and Engineer- 
ing Laboratory. W. J. Campbell, a geophysicist, is with 
the Ice Dynamics Project, Water Resources Division, 
U. S. Geological Survey, University of Puget Sound. 
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We recently completed an examination of the 
idea that icebergs could advantageously be towed 
from polar regions to more temperate arid regions 
where they could be utilized as a fresh water source.* 
The origfins of this interesting idea may date from 
the 1850s when lake and glacier ice were trans- 
ported from Alaska to California as a commercial 
venture.' The current revival of the idea, in par- 
ticular as applied to the water problems of South- 
em California, can be credited to John Isaacs of the 
Scripps Institution of Oceanography.' Unfortunate- 
ly his study was never published. We initially under- 
took our investigation of the problem because ev- 
ery so often a letter would arrive at the Cold Re- 
gions Research and Engineering Laboratory (CR- 
REL) asking, "Why doesn't someone tow icebergs?" 
We thought that the answer was simple. "Because 
the idea is untenable!" So we set out to prove that 



our intuition was correct. It wasn't. Indeed, we now 
believe that the idea is highly attractive when ap- 
plied to selected locations in the Southern Hemi- 
sphere. The only consistent sources for the large 
tabular icebergs required for towing are the ice 
shelves of the Antarctic. The tabular shape is de- 
sirable to minimize the hazards of rolling. Admit- 
tedly large tabular icebergs calve at irregular inter- 
vals from the Ellesmere Ice Shelf, producing the so- 
called ice islands of the Arctic. These icebergs, how- 
ever, largely remain in the Beaufort Sea Gyre and 
only occasionally exit into the Greenland Sea from 
where they could be towed. 

Prime iceberg production sites in the Antarctic 
are the Amery and the Ross Ice Shelves which could 
respectively supply icebergs for tows to Austral- 
ia and the Atacama Desert region in Chile on the 
western coast of South America. The icebergs that 
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calve from these shelves have a mean thickness of 

roughly 250 m and a mean density of 850 kg/m^ 
Available data on the distribution and the sizes of 
such icebergs indicate that the supply is more than 
adequate.* Although in our towing analysis we will 
consider that the icebergs will be towed from the 
edges of the shelves, many icebergs have, in fact, 
been sighted north of 50°S. Therefore, one would 
attempt to select the optimum combination of ice- 
berg size, shape and location. The current avail- 
ability of high quality imagery from the Earth Re- 
sources Technolos-y Satellite (ERTS) should 
greatly assist in the selection of such suitable ice- 
bergs. In short, available information indicates that 
the icebergs are there; the problem then becomes 
one of arranging transportation. 

Towing Tests 

To estimate the force required to tow tabular 
icebergs of different sizes we simply calculated the 
total drag at different velocities. The principal 
uncertainty in this calculation is caused by the 
uncertainty as to the appropriate value of the form 
drag coefficient. Based on drag coefficient determin- 
ations on blunt ended objects, ^ we used 0.9 to cal- 
culate the sizes of icebergs that can just be towed 
by a given tug, and 0.6 as the average drag coef- 
ficient during transit. Recent towing tests on ice- 
borgs located in the North Atlantic indicate that 
these values are reasonable. The change in the drag 
coefficient during towing is, of course, caused by 
differential ablation which rapidly streamlines the 
iceberg. 

An examination of the relative contribution of 
the form drag and the skin friction drag indicates 
that in iceberg towing, the form drag portion great- 
ly predominates. This is in sharp contrast to con- 
ventional ship hull forms where skin friction is 70 
to 80 per cent of the total drag. Inasmuch as it is 
clearly advantageous to select the most "ship-shape" 
iceberg that is available, in the remainder of this 
paper we will always consider rectangular icebergs 
with a length/width ratio of 4. This is the largest 
length width ratio that can reasonably be expect- 
ed to occur commonly in a sample of shelf ice- 
bergs." Even for such "streamlined" icebergs, the 
totid drag is very large (Figure 1). 

Now that the drag is known, the requisite power 
required of a tug can be calculated by using a rela- 
tion which was developed to relate the static bol- 
lard pull force that a tug can develop to its power, 
the diameter of its propeller and dimensionless 
thrust and torque coefficients.'' A large amount of 
power is required for even a small iceberg. For in- 
stance, if we assume that 0.25 meters per second 
is the lowest towing speed at which control can be 
maintained over the tow, then the world's largest 
(^rational tug (the Oceanic, power 1.3 x 10 watts) 
can only tow an iceberg with the initial dimensions 
of 230 X 920 X 250 m (5.29 x lO'm ' of ice). Assum- 
ing this iceberg could be delivered without losses, 
its water would be worth $8.6 million at the cur- 
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Fig. 1 — Drag of rectangular icebergs with length/ 
width ratios of 4 and form drag coefficients of 0.9 (Fig. la) 
and 0.6 (Fig. lb), respectively. The dimensions given 
are for the iceberg wiHths:The iceberg drafts are assumed 
to be 200 m. The total drag is indicated by the solid lines 
and the skin friction drag by the dashed lines. The ddn 
friction drag is the same in Fig. lb as in Fig. la. 



rent e.'^timaterl production cost of large-scale des- 
alinated water ($0.19/m* of water).* A hypothetic- 
al 1.56 X 10* W super-tug, that could be built with 
present marine technology, could tow icebei^ with 
widths of 2.8 km and 750 m at 0.25 and 0.50 m/s 
respectively. On delivery these icebergs would be 
worth $1,254 milHon and $91 million. Clearly, econ- 
omically interesting iceberg tows are within the ca- 
pability of current technology. (The nuclear air- 
craft carrier Entet-prise has 50 per cent more power 
than our proposed super-tug.) 

Melting Losses 

To obtain the above large numbers, we cheat- 
ed by neglecting melting losses. Because tran- 
sit times at reasonable towing speeds are in ex- 
cess of 100 days and water temperatures at the 
delivery sites are in excess of + 15° C, melting losses 
are quite important. Unfortunately, even if a detailed 
series of calculations were made, there are no ade- 
quate field observations on icebergs on known geome- 
tries with which they could be checked. Therefore we 
have .simplified the problem by calculating the parallel 
recession of the iceberg sides based on an average 
heat transfer coefficient determined from experi- 
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Fig. 2 — Optimum towing paths between the Amery 
Ice Shelf la) and Australia and the Ross Ice Shelf (b) 
and the Atacama Desert, Chile. 



mental studies on the fully turbulent flow of fluid 
over a flat plate. " We also assumed that the iceberg 
is completely immersed in the water. Although this 
is, of course, not true, it should nevertheless give 
a reasonable approximation to reality because 
undercutting of the submerged portion of the ice- 
berg will cause the unsupported upper portion to 
calve. Austral summer water temperatures were 
used in these calculations as a built-in safety factor. 
Also the fact that the initial average temperature 
of an iceberg near the edge of the shelf is roughly 
-10°C was ignored.'" 

Sea Routes 

To estimate the amount of melting, we first calc- 
ulated the losses for great circle routes and as- 
sumed that the towing speeds were constant (i.e., 
we ignored the geophysics of the situation). The 
results indicate that in-transit melting losses are 
quite large and are excessive for small icebergs; 
losses of over 100 m of ice from each face are com- 
mon. Fortunately the total amount of ablation is 
not a sensitive function of transit time (as the tran- 
sit time varies by a factor of 40, the ablation only 
doubles). Also the larger the initial iceberg, the 
less the ablation on any given face. Clearly if large 
enough icebergs can be towed, large volumes of 
ice can still be delivered. 

Great circle distances, although the shortest, are 
clearly not the easiest because of the winds and 
currents along the routes. Also as the iceberg is 
towed north, its size decreases because of ablation, 
permitting higher towing velocities. To properly 



estimate towing times, routes and the amount of 
ice delivered, all these factors must be considered 
simultaneously. We, therefore, solved the basic 
steady state equation containing the towing force, 
the air stress, the water stress (drag), the Cor- 
iolis force and the gradient current force simul- 
taneously with the melting equation. The final 
transit routes were chosen by maximizing the ve- 
locity for the overall route. The wind velocity and 
gradient current fields that were used were the 
seasonal mean fields from the U. S. Weather Bur- 
eau Antarctic Summary and the Russian Antarc- 
tic Atlas. The optimum paths for the Amery-Aus- 
tralia and Ross-Atacama (Chile) routes lie in the 
well defined envelopes shown in Figure 2. It was 
found that even considering in-transit melting, the 
highest transit velocities occurred during the mid- 
dle portions of the tows because of the high winds 
and gradient currents during these portions of the 
trips (Figure 3). Also as anticipated by our earlier 
simplified analysis of melt-losses, major changes in 
the towing capability of the tug made only minor 
changes in the amount of ice delivered during a giv- 
en tow. Changes in the towing force do, however, 
make sigrnificant changes in the volume of ice de- 
livered per year because of the shorter transit times 
involved per iceberg. As expected, the delivery 
rate is appreciably higher on the Australian than on 
the Atacama traverse. However, in both cases the 
volume of ice that can be delivered is very large. 

A complete economic analysis of icebergs as a 
fresh water source is difficult in that it depends 
on a number of factors, many of which are peculiar 
to the delivery site that is selected. An apprecia- 

May 197.1 Science and Public Affaim 37 



Copy 1, J i.L„ ,, ^,L,iai 



tion of the complexity of this problem can be gained 
by studying recent planning documents that discuss 
the feasibility of large-scale desalination projects in 
different parts of the world.'' We will circumvent 
this difficulty by only appraising the economics 
of transporting the icebergs to the delivery site. 
If this is inexpensive relative to the cost of fresh 
water, then this fact should serve as an incentive 
for further research on the development of an 
overall iceberg water supply system. We will also 
discuss iceberg towing as if it were a wholly pri- 
vate venture. This does not mean that we think 
that this would be the case. The large amounts of 
land required by such a project would surely neces- 
sitate at least partial government participation. 

First, the total operating costs of several exist- 
ing and hypothetical tugs were estimated and used 
to develop a curve relating tug power to total opera- 
tional cost. The fact that design studies have been 
completed on some very highly powered ships for 
potential Arctic operation was a great help here.'' 
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Fig. 3 — Changes in iceberg volume V, iceberg thick- 
ness xt. and transit velocity vi as a function of distance 
traveled along the towing routes between the Amery 
Ice Shelf and Australia and the Ross Ice Shelf and the 
Atacama Desert. The initial iceberg dimensions are 
2800 X 11^ X 260 m and the towing foroe is 18.4x10* N. 
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Fig. 4 — Delivery cost per cubic meter of water de- 
livered as ice to Western Australia expressed as a func- 
tion of towing force and initial iceberg width (initial 
length = 4 X initial width). The dashed cross-curves give 
the sizes of icebergs that can be towed at the indicated 
steady-state velocities as a function of the towing force 
if a form drag coefficient of 0.9 is assumed. 



Then knowing the ice delivery rate per year for 
several different tugs, curves were plotted for a 

variety of initial iceberg widths to show the delivery 
cost of ice, expressed in terms of the equivalent 
amount of water, versus the towing force. Figfure 
4 shows such a plot for the Amery- Australia transit. 
Here it should be remembered that a towing force 
of 1.3 X 10' newtons (N) corresponds to the Oceanic, 
6 X 10* N to a tug with powering similar to the U.S. 
Coast Guard Icebreaker Polar Star, and 18.4 x 10* 
N to al.56 X 10* W super-tug. This figure reveals a 
great deal about the economics of iceberg trans- 
portation. 

Although delivery costs appear amazingly low, 
one must realize that the complete range of these 

values is not available; if the towing force is so 
small that only very low speeds can be obtained, 
the tug will not be able to control the tow. This 
restriction is indicated in the figure by the dashed 
cross-curves which give the sizes of icebergs that 
can be towed at the specified steady-state velocities 
as a function of the towing force. Therefore only 
prices above the appropriate minimum control 
speed cross-curves are available. We do not know 
what the lowest possible control velocities are, 
but their values for the large tugs and tows con- 
sidered here are clearly critical. If, as earlier, we 
assume a minimum control speed of 0.2S m/s and 



Copyrighted material 



use a super-til?, delivery costs for water delivered 

as ice to Australia and the Atacama Desert would 
be 1.3 and 1.9 mills/m ', respectively. In general, 
to minimize delivery costs we should use as large 
a tag as possible and tow the largest possible 
iceberg that still allows us to maintain control. 

How much is this water worth? Water prices, 
of course, vary widely. Inasmuch as iceberg towing 
appears most attractive when large volumes of 
ice are involved, we feel that the economics of 
iceberg water should be based on the price of 
irrigation water. A realistic price for irrigation 
water is, in itself, difficult to establish. Perhaps 
the U.S. federal price goal for irrigation water 
produced by desalination should be used — S0.03/m^. 
However recent studies suggest that even this 
value is high and that 8 mills/m^ is a more realistic 
planning standard.' ' This price is similar to the 
cost of producing groundwater from a large, high 
quality well. Therefore our analysis suggests that 
between 6 and 4 times the cost of delivering the 
ice to the Australian and western South American 
sites could be used to process the ice and still have 
the final water cost remain highly competitive. 
Inasmuch as our analysis is in general a "worst 
case" analysis, this suggests to us that iceberg 
water is indeed an attractive idea. At least different 
aspects of the problem should be examined by 
groups of specialists. 

Problems and Difficulties 

It is easy to compile a long list of problems. 
The towing analysis could be greatly improved. 
Accurate drag coefficients are particularly needed 
inasmuch as their values determine the size of the 
iceberg that can be "started" and much of the re- 
sulting economics. Our method of calculating melt- 
ing losses should be experimentally verified and 
expanded to take the change in shape with melting 
and its effect on towing into account. The problems 
related to the anchoring of tow lines should be 
investigated. Methods for reducing melting losses 
should be examined. This is particularly important 
if tows to more northern locations are contem- 
plated.'^ More exact information is needed on 
the difficulties of controlling the tows. Can calving 
be expected to be a major problem? It would also 
be desirable to have an economic analysis based 
on nuclear-powered tugs as opposed to the more 
conventional propulsion systems we have con- 
sidered. 

In addition the range of approaches and problems 
related to processing the ice should be thoroughly 

explored. We have only discussed this area in a 
qualitative way. One interesting aspect of the 
processing of the ice is that the iceberg is an im- 
mense heat sink. Therefore if an iceberg towing 
scheme were coupled with any operation that 
generates large amounts of waste heat, such as 
nuclear power generation, this heat then becomes 
a valuable asset in the conversion of ice to water. 
Another interesting problem is assessing the en- 



vironmental impact of such a scheme on the de- 
livery site; what climatological, oceanographic 
and biological changes can be expected? 

Our present work merely provides a first ap- 
proximation to a quantitative appraisal of the 
availability and transportation aspects of icebergs 
as a fresh water source. The possibility of irrigating 
large areas of arid land in the Southern Hemisphere 
is certainly desirable. For instance, the amount 
of water produced by one super-tug alone is roughly 
four times the amount produced by the Snowy 
Mountains Project and would irrigate a square 
field 126 km on a side. The best part of the scheme 
is that its principal commodity, the iceberg, is 
currently being completely wasted as regards man's 
needs. The icebergs calve from the shelves and 
drift in the Southern Ocean until they melt. The 
towing proposal merely redirects this water 
through an irrigation system on its way to the 
sea. We would guess that the potential rewards 
to man of the more tortuous path will prove to be 
well worth the additional energy expenditure. 

REFERENCES 

1. W. F. Weeks and W. J. Campbell, "IceberRS as a Fresh 
Water Source: An Appraisal," Journal of Glaa'ology, 12: 

65 (197;^). 

2. E.L. Keithahn, Alaska and Its History (Seattle: Univ. 
of Washington Press. 1967), 173-186. 

3. J.C. Burt, "Iceberg Water for California" Science Di- 
gest, 39:2 (1956). 1-4. 

4. P.A. Gordienko, "The Role of Icebergs in the Ice and 
Tliermal Balance of Coastal Antarctic Waters," Problemy 
Arktiki i Antarktiki. 2 (1960), 17-22; V.S. Nazarov, "Ice of 
the Antarctic Waters," Rezul'taty Issledovanii Po Pro- 
gramme Mczhdunarodnago Geofizicheskogo Goda, Okeano- 
logiia, 10:6 (1962), 1-79. ' 

5. S.F. Hoemer. Fluid-dynamic Drag (Midland Park. 
N.J.: The author. 1965). 

6. Nazarov, "Ice of the Antarctic Waters." 

7. P.M. Kimon, "Discussion of paper by D.A. Argyriadis 
on Modern Tug Design . . .," Trans Soc Naval Arch. Marine 
Engineers, 65 (1957), 425-428. 

8. Office of Saline Water, "Federal-state Feasibility Study 
Recommends Prototype Desalting Plant in California." 
Dept. of Interior News Release, March 3, 1972. 

9. E JI.G. Eckert and R.M. Drake, Heat and Mass Transfer 
(New York: McGraw Hill, 1959). 

10. C. Swithinbank and .J. Zumberge, "The Ice Shelves," 
in Antarctica (London: Methuen & Co., Ltd., 1965), 199-220. 

11. United Nations, "Water Desalination in Developing 
Countries," No. 64. II. B. 5 (New Yori<: The United Nations, 
1964); Oak Ridge National Laboratory, "Nuclear Energy 
Centers, Industrial and Agro-Industrial Complexes," ORNL- 
4290 (Oak Ridge. Tenn.: ORNL, 1968). 

12. RJ>. Voelker. "Ships to Transit the Arctic Ocean," 
Proceed. Sympos. on Arctic Logistics Support Technology 
(Montreal: Arctic Inst. North America, 1972), 51-62. 

13. M. Clawson, H.H. Landsberg and L.T. Alexander, 
"The Economic Impracticability of Desalting Seawater for 
Large-scale Agriculture, ".Sc/PHce, 164: .■?884 (1969), 1141-1148. 

14. J.L. Hult and N.C. Ostrander, "The Iceberg Cometh." 
Newsweek (August 21, 1972). 45-46. 

15. M. Overman. Water (New York: Doubleday and 
Co., 1969). 82. 

May 1973 Science and Public Affairs 39 




The President's Plan 

iContinued from page 8) 

Second, NSF operates under a modified law which 
gives it increased responsibility for applied science 
and which has increased the number and stature 
of its senior staff (six Presidentially-appointed 
staff members, instead of the previous one). In 
Guyford Stever, NSF has an experienced and know- 
ledgeable Director whose stature will be signifi- 
cantly strengthened by the additional formal title 
of Science Advisor. It is reasonable, therefore, to 
expect that NSF will be able to do an effective 
job on at least some of the responsibilities of OST 
and PSAC, and at least some of the responsibilities 
of the previous full-time Science Advisor. 

One may go farther and point out that NSF, 
at least in the area of study and analysis, offers 
some potential advantages over OST. The NSF 
staff is considerably larger with a broad spread 
of talents. Furthermore, it contains several groups 
whose assigrnments are such that they might quite 
reasonably undertake additional nationally-oriented 
study efforts. Thus, within the Research Applied 
to National Needs (RANN) program there is a 
sizeable group concerned with advanced tech- 
nology applications. There is also a comparatively 
new Office of Problem Assessment. Finally, the 
NSF Division of Science Resources Studies has 
been involved for some years in establishing an 
adequate data base for scientific and technological 
activities within the United States, and this data 
base will be invaluable to many of the desired 
studies. 

However, many of the older and fundamental 
difficulties remain to plague the NSF, along with 
perhaps some new ones. In the first place, the 
problem of serious study, overview, and evalua- 
tion by one "science agency" within the federal 
government over the science programs of other, 
often much larger, federal agencies cannot fail 
to be a delicate and difficult one. Furthermore, 
NSF is an operating agency with a program of its 
own, and to confuse and even conceivably endanger 
this operating program by assigning NSF some 
touchy coordinating and overview responsibilities 
will be awkward, to say the least. 

Thus, in spite of NSF's greater size and compe- 
tence, it is difficult to believe that it will really 
attack the problems of evaluation and coordination, 
elimination of program overlap, recommendations 
for new and gap-filling programs which is implied 
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by "taking over the functions of OST." As only 
one example, will NSF be willing to move strongly 
into the field of water resources to help resolve 
the overlapping and duplicating responsibilities 
and activities of such powerful agencies as HEW, 
the Department of Agriculture, the Department 
of the Interior and the Atomic Energy Commission? 
It does not seem very likely. 

Of equal importance is the fact that NSF, as 
of this writing, simply will not have uncommitted 
funds to take on any very large fraction of the OST 
activity, and will necessarily have to proceed by 
internal transfer of funds and people. The Presi- 
dent's message states: "The multi-disciplinary 
staff resources of the Foundation will provide 
analytic capabilities for performance of the trans- 
ferred functions." Given that NSF is already an 
overworked and understaffed agency, this seems 
either ingenuous or misleading. Furthermore, 
by no means in all cases will the capabilities of the 
NSF staff, hired for different sorts of jobs, fit 
the analysis and evaluation needs which some of 
the OST functions will call for. 

Science advising for the White House has always 
been concerned with two somewhat different prob- 
lem areas. One is policy for science; the other is 
policies for application of science and technology 
to societal problems. The first is, in many ways, 
the simpler area; but it still involves questions of 
level of support for basic research, policies for 
graduate education, etc. In recent years, the Of- 
fice of Management and Budget has maintained 
a strong overview of this area; this will certainly 
continue. Stever, as head of one of the major science 
support agencies, will speak from a position of 
great knowledge, and he has a real opportunity 
to be influential with OMB. But even here there 
are points of awkwardness. First, since Stever 
reports as Science Advisor to George Shultz, his 
ability to "sell" recommendations that go contrary 
to OMB guidelines will not be great. Furthermore, 
Stever's position cannot help but have elements 
of ambiguity, since he is simultaneously Director 
of an agency whose own success is closely linked 
to the policies for science on which, as Advisor, 
he will be making recommendations. 

The area of policies for applying science and 
technology to societal problems is more complex. 
Here the locus of action is in the large mission- 
oriented agencies. The NSF programs of applied 
science and use of technology are new and still 
rather small. Hence, to have an impact on these 
broader areas (whether by study, coordination or 
evaluation), NSF will need to build both strength 
and competence, and ultimately to persuade both 
OMB and the affected agencies of its capabilities. 
Since many of the areas are controversial and 
have large elements of political sensitivity, this 
is bound to be a troublesome field for NSF. 

With only modest restructuring and funding, 
one could imagine NSF moving vigorously in a 
somewhat less burdensome area which was once 
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a province of PSAC, that of establishing study 
panels of outside experts to make continuing 
analyses of areas of science and technology of im- 
portance to the nation and to the federal govern- 
ment. Working with outside panels is a field where 
NSF has background and experience. It has 
effectively utilized advisory committees and review 
boards for most of its program areas and for its 
principal offices. It would not be a major extension 
of these activities to undertake PSAC-type panel 
studies. There are, however, some difficulties even 
here. In the first place, many of the areas which 
PSAC and OST studied were difficult and contro- 
versial (e.g., World FV)od Supply, Qvfl Defense, 
Supersonic "Kwisport, Strategic Systems of the 
Mflitary). Given that studies in these and many 
similar areas are more than likely to raise internal 
problems and interagency conflict, it will always 
be difficult for an "exposed" agency like NSF 
to make this kind of study. The new laws on govern- 
ment advisory committees, requiring them to 



operate in full public view, will exacerbate this 
difficulty. One strongly suspects that at best NSF 
will be able to undertake only a portion of this 

PSAC activity. 

From this analysis of the potential role of NSF, 
my conclusion is that without considerable reor- 
ganization and funding NSF will be able to carry 
out only a small portion of the activities previously 
undertaken by OST, PSAC and the Science Advisor 
and his Deputy. Even with some new funds and 
much vigor and initiative on the part of NSF, there 
will be areas of awkwardness and difficulty which 
will seriously inhibit the NSF. Finally and unavoid- 
ably, the studies and recommendations of NSF, 
as one federal agency among many, will simply 
never carry the "clout" that could come from studies 
made under a Science Advisor sitting within the 
White House family. In other words, there are 
losses to the nation and to the federal programs in 
science and technology from the abolition of the 
White House science advisory activity which 
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cannot fully be recovered— even if the NSF op- 
erates with the best will and vigor. 

There is, however, an even larger question. 
Do the science community and the nation really 
want the NSF to apply itself vijjorously to these 
new activities? After all, the responsibilities al- 
ready assigned to the NSF— support of basic and 
applied science, programs of technical innovation 
and of application of science to social problems, 
new directions for science education —are important 
in themselves, and the people who strongly hope 
to see these done well may be quite unwilling to 
see NSF embark into new and potentially contro- 
versial fields. And make no mistake, the problems 
of science advising, if done seriously, and of over- 
view and coordination of federal programs are 
difficult and controversial. Even with vigorous 
Presidential protection, the actions of a lively 
Science Advisor, by the very act of making strong 
recommendations on controversial problems, can- 
not help but erode his support; it is surely no 
accident that the average tenure of Science Ad- 
visors has been significantly under three years. 
Do we really want to see NSF and its Director 
committed to these perilous waters? 

Inescapably, the key figure in all this is the 
NSF Director, Guyford Stever, who has been 
assigned the "functions of OST" as well as the 
additional title of Science Advisor. The difficulties 
of "wearing several hats," which in some degree 
plagued the former Science Advisors, will now 
descend on Stever. But in contrast to the relatively 
protected position from which the previous Science 
Advisors operated, Stever, as head of an important 
federal agency, will necessarily operate in an 
atmosphere of continuing public \ lew and Congres- 
sional concern. His friends and those of NSF can 
only wish him well as he starts to walk the loominj^ 
tightrope. 

Actually, from a different and somewhat Machia- 
vellian point of view, it is possible to imagine that 
a quite different kind of science advisory system 
is waiting to be bom, one which would give much 

less responsibility to NSF. Such a scenario is im- 
plicit in some of the more sweeping Presidential 
restructuring of the Executive Branch, which 
is having an impact en almost all federal depart- 
ments and agencies. An admiring spectator of the 
major reorganization now going on in the Execu- 
tive Branch has put the case somewhat as follows: 

The consequence of the Presidential reorganizations 
will be to replace the diffuse and overlapping agency 
structure which has characterized Washington in the 
recent past by a much more tightly organized group of 
four principal activities, each headed by a super ad- 
ministrator who will effectively serve as a program 
manager for his area. One area is economic growth and 
industrial development, as currently headed hy George 
Shultz. A second area is problems of foreign policy and 
national security, under Henry Kissinger. A third is 
natural resources, headed by Earl Bulz. The fourth 
area might be called human resources with Caspar 
Weinberger as the chief. One can assume, or perhaps 
hope, that each of the new program managers will 
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develop his own study and coordinating mechanism to 
bring science and technology into his area. When these 
new structures are in place, each super-department 
head will have a science advisory system more closely 
linked to his actual decision-making needs and conse- 
quently more effective. 

But as we watch and wait to see if this suggested 
new structure takes shape, we still must note that 
it will in no way provide the overview and coordi- 
nating efforts which were the principal raison d'etre 
for PSAC, OST and the Science Advisor. Nor will 
it provide an effective procedure for bringing to 
Hob President integrated position recommendations 
in areas where the "super-departments" are in 
conflict. 

I am forced to conclude that, in the abandonment 
of the science advisory structure which has been 
located in the White House, the nation has suffered 
a genuine and potentially serious loss, one which 
virtually none of the currently discussed responses 
will fully overcome. Unhappily, this loss occurs 
at a time when the national needs for technology 
are more, not less, and when the problems to which 
technology should be applied look increasingly dif- 
ficult, verging in some cases on the intractable. 

Let me close this analysis of the Presidential 
Reorganization Plan No. 1 with a few remarks 
on a quite special area of science and technology, 
that of military technology. This is a subject which 
has deeply concerned PSAC almost from its be- 
ginning; PSAC panels dealing with military pro- 
gn^ms for many years have been a source of inde- 
pendent analysis and advice (by no means always 
accepted) on such diverse military questions as 
strategic military systems, military space activity, 
intelligence gathering, naval systems and sub- 
marine warfare and new weapons systems. In its 
discussion of Reorganization Plan No. 1, the White 
House comments on this area by saying: "In the 
case of national security, the Department of De- 
fense has strong capabilities for assessing weapons 
needs and for undertaking new weapons develop- 
ment and the President will continue to draw pri- 
marily on this source for advice regarding military 
technology." Given the historically narrow point 
of view which has formed the basis for military 
advice, this statement is not very reassuring. 
My own strong belief is that both the federal 
government and the U.S. general public badly need 
a vigorous and continuing independent capability 
for analysis of military proposals, most especially 
those for new military technology. To paraphrase 
an ancient remark, "military programs are too 
important (and too expensive) to leave to the 
military." It is conceivable, but not very likely, 
that the National Security Council under Henry 
Kissinger will address this problem and establish 
significant independent analyses of military tech- 
nology. In the meantime,! one can only note that 
here is a time and place where the non-govern- 
mental systems of study and analysis had better 
work doubly hard. 
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Citizens vs. Atomic Power 

"The Nuclear-Power Rebellion: 
Citizens vs. the Atomic Industrial 
Establishment," by Richard S. 
Lewis. Viking Press, New York, 
1972. 313 pages. $8.95. 

Reviewed by 
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A controversy has evolved over 
the acceptance of civilian nuclear 
energy. The issues involved are 
technically diverse and socially 
and politically grave. This book 
eloquently chronicles a portion of 
that struggle. Richard S. Lewis in 
The Nuclear-Power Rebellion has 
defined the promoters as composing 
the Atomic Industrial Establish- 
ment (AIE): 

Because of this circumstance [the 
tight secrecy surrounding atomic 
technology until the early 1950s], 
civilian atomic power, beginning 
as a government project, inevi- 
tably became a joint enterprise 
of the agency which controlled ac- 
cess to the technology and the 
electric-power industry which 
could apply it to public use. The 
framers of the Atomic Energy 
Act of 1954 set up the partner- 
ship. "Teamwork between govern- 
ment and industry is the key to 
optimum progress, efficiency, and 
economy in this area of atomic 
endeavor," the Joint Committee 
on Atomic Energy reported in 
offering the bill to Congress. 
Under the Act, the AEC [Atomic 
Energy Commission] acted as the 
promoter of the Promethean gift 
and was also responsible for regu- 
lating its use in the public inter- 
est. The arrangement implied a 
strong conflict of interest, in which 
the public interest was submerged. 
It is a maxim in Washington that 
regulatory agencies tend to identi- 
fy more closely with what they are 
supposed to regulate than with 
the public they are supposed to 
protect. In the regulation of nu- 
clear power, the identification be- 
tween the AEC and the industry, 
together with its satellite trade 
associations, amounted to a com- 
monality of interest and purpose. 
It was not surprising, therefore, 



that in the later 1950s there 
evolved a joint government-indus- 
try power structure with common 
goals and with the access to money 
and political power to achieve 
them. I have suggested that this 
amounts to an Atomic Industrial 
Establishment devoted to the task 
of building a fission-reactor power 
economy, eventually to be based 
on Plutonium fuel, that will last 
for an indefinite future. In this 
Establishment the AEC functions 
as banker and engineer and the 
Congressional Joint Committee 
on Atomic Energy as de facto 
board of directors. With the wealth 
and authority of the government 
and the investor-owned electric 
utilities, the Atomic Industrial Es- 
tablishment is well on the way to- 
ward dominating the electric-pow- 
er industry and shaping the energy 
future of America. 

In no other instance have the basic 
axioms of the promoter been more 
clearly illustrated than in the case 
of atomic power. In no other in- 
stance has it been more clearly dem- 
onstrated that the promoter needs 
to be challenged. And in every case 
the challenge has been made by 
individuals who, often at great 
personal sacrifice and risk, have 
shown that the AIE has been tech- 
nically incompetent, lacking in 
candor and honesty, and incapable 
of protecting the public health 
and welfare. 

On no other issue has the league 
of regulator and regulatee been so 
clearly shown. In no other instance 
has it been more evident that there 
can be no effective assessment of 
hazards without issues being raised 
and remedies provided by inde- 



pendent scientists working with an 
active and concerned public. 

Such is the stuff of which the nu- 
clear-power rebellion is made and 
which has been examined by Lewis 
in this timely, important and inci- 
sive book. 

Except for an occasional historical 
review to put a specific topic into 
perspective, The Nuclear-Power 
Rebellion deals with a few of the 
many recent examples of citizen 
involvement in clashes with the AIE. 
Only passing reference is made to 
the earlier involvements with wea- 
pons testing and the early reactor 
and Plowshare cases. The stage is 
set with an example of citizens be- 
coming involved, a terse review of 
some of the issues, and a concise 
background review showing how: 

The Atomic Industrial Establish- 
ment was confronted by a deter- 
mined opposition which began to 
consider the AEC as a public 
enemy. 

The public's challenge to the re- 
actor program, in contrast to earlier 
skirmishes over specific reactors, 
began in about 1968. It drew, how- 
ever, upon the expertise and con- 
cern nurtured for many years by 
scientists, lawyers and economists 
who became involved as well as 
upon experiences resulting from 
earlier reactor cases, particularly 
at Enrico Fermi in Detroit and 
Bodega Head in California. 

Although most of the obvious is- 
sues associated with the "peace- 
ful" atom have now been identified 
and brought into the light of public 
view, not all have been publicly 
debated. Those issues which have 
received attention include the ap- 
parent inability of the AEC to 
pursue its regulatory charge with 
the same vigor with which it pur- 
sues its charge to promote nuclear 
power; the familial relationship 
which has developed between the 
Joint Committee on Atomic Energy 
(JCAE) and the rest of the AIE; 
the importance of ready access for 
citizens in licensing and rule-mak- 
ing proceedings; thermal pollution; 
routine releases of radioactive 
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wastes; the adequacy of radiation 
exposure standards; disposal of 
high-level wastes; uranium miners' 
health and safety; and the adequacy 
of emergency core cooling systems. 

Issues which have finally been 
raised but have not as yet been ex- 
plored in any detail include the ade- 
quacy of plutonium standards and 
regulations; the ability of the AIE 
to handle plutonium; the j^eneral 
question of plutonium toxicity; the 
decision to develop the liquid metal 
fast breeder reactor (LMFBR); safe- 
fjuards and diversion of plutonium 
into unauthorized channels, either 
national or sub-national in char- 
acter; and finally the degree of so- 
cial and political control which will 
be required by a mature atomic- 
industry based on plutonium. These 
latter issues are only now beginning 
to be discussed in public fora. They 
are the most important ones— those 
which expose the profound implica- 
tions of "clean, safe nuclear power." 

Lewis has (xmcentrated on only 
a few of these issues, for his intent 
was not to provide an encyclopedic 
compendium of the problems as- 
sociated with atomic power but 
rather to demonstrate that: 

If the enviromnent were to be pro- 
tected, dtisens wouM have to do 
it; that if public health and safety 
were to be guaranteed, citizens 
would have to see to it. The agency 
to whid> these responsibilities had 
been entrusted was busy serving 
the interests which it was sup- 
poseil to be regulating. 

He has succeeded in this demon- 
stration and done so in a convinc- 
ing and concise manner. 

The specific elements of the nu- 
clear controversy that are examined 
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in Tht Nuclear-Power Rebellion 
include the evolution of a little- 
known citizen's effort in Penn- 
sylvania over a pro|K>sed breeder 
reactor near Meshoppen; the na- 
tional debate over the adequacy of 
radiation standards — Lewis outlines 
in some detail the effective partici- 
pation of John Gofman, Arthur 
Tamplin and Ernest Sternglass; 
the effective use of citizen inter- 
vention in licensing hearings to 
challenge routine releases of radio- 
active wastes, whereby forcing the 
issue of cost versus radioarli\'e 
releases into the light of public scru- 
tiny; the proposed Lyons, Kansas, 
scheme for disposal of high-level 
radioactive wastes in a salt mine; 
the .sea le\('l c;ina! and gas stimu- 
lation I'lowshare projects; the onset 
of the challenge to the LMFBR pio- 
gram; and finally the Calvert Cliffs 
decision which found the AEG 
violating the National Environ- 
mental Policy Act of 19(i9. 

These cases are handled in an 
objective fashion and by and large 
are complete and accurate. If I 
were to make any generic criticism 
of the way in which these ca.ses are 
presented, it would be that while 
the roles of independent scientists 
are fully drawn, Lewis does not give 
adequate credit to the major roles 
played by the attorneys involved in 
many of them. For example, in the 
presentation of the LMFBR case 
he does not acknowledge that the 
attorneys of the Natural Resources 
Defense Council, principally Gus 
Speth, were largely responsible 
for laying out the challenge in its 
present form. 

It might be of interest to bring 



up to date some of the cases and 
examples cited in The Nuclear- 
Power Rebellion. First the general 
thesis— if the environment and pub- 
lic health and safety are to be pro- 
tected, citizens will have to do it- 
is as true now as it was in the cases 
considered by Lewis. Also, individ- 
uals, particularly those in the A£C's 
own laboratories, who choose not 
to follow blindly AIE policy are 
still subject to harassment and 
pressure, and their work to the su- 
pression described by Lewis. For 
example, during the successful 
challenge to the adequacy of radia- 
tion standards Tamplin's group 
at the Lawrence Livermore Labora- 
tory (LLL) was reduced from 12 
persons to 1, Donald P. Geesaman. 
In April 1973. Geesaman was dis- 
charged and the group was abolish- 
ed entirely. 

The emergency core cooling sys- 
tem (ECCS) hearings in Washing- 
ton, DC, brou^t to light AEG 
reprisals against staff members of 
the AEG and also of its contractors 
who \enturcd to express their res- 
ervations about the adequacy of the 
current EGGS criteria. Morris 
Rosen was "promoted" so that he no 
longer would have direct responsi- 
bilities for ECCS work (see, e.g.. 
Nucleonics Week, March 2, 1972). 
An Oak Ridge National Laboratory 
(ORNL) memorandum which cast 
doubt on EGGS criteria was sup- 
pressed (Nucleonics Week, March 
16, 1972). 

Later in the EGGS hearings 
diarges of reprisals against witness- 
es in the ECCS hearings apparently 
prompted Alvin Weinberg, director 
of ORNL, to release a letter ex- 
pressly stating that members of the 
ORNL staff should feel free to state 
any qualms they had about criteria 
(Nucleonics Week, March 23, 1972). 
Among other things, Weinberg's 
letter begs the question as to what 
|)arl iho directoi- of LLL and the 
Regents of the University of Cali- 
fornia who operate LLL under con- 
tract for the AEG have played in 
the harassment and pressures yet 
in evidence at that laboralorv. 

The ECCS issue was not covered 
in The Nuclear-Power Rebellion, 
as it had only begun to mature when 
the book went to press. This case, 
which has been discussed in a series 
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of articles in Science within the past 
year has once again demonstrated 
that the AIPl cannot be depended 
upon to protect the pnblic health 
and welfare without determined 
efforts of independent scientists. 
In this case the Union of Concerned 
Scientists has performed a pnblic 
service in raising and documenting 
a major facet of nuclear safety and 
forcing the AIE to take notice of 
it. 

What of the future.^ As Lew is was 
completing his book a new chair 
man of the AEC, James K. Schles- 
inger, had recently been appointed. 
Schlesingcr, tbrous;h his initial 
worcis and actions, stimulated a 
great deal of lio|)e that at long last 
the AEC would take its nonpromo- 
tional charges seriously. Schlesinger 
has ccinie and gone, leaving these 
hopes unfulfilled, and in his final 
appearance before the JCAE he cast 
serious doubt on the assumption 
that the AEC had learned anything 
during the ])ast years. 

A further, and very significant, 
piece of evidence has just recently 
emerged from the AEC. A draft 
report entitled "The Safely of Nu- 
clear Power Reactors and Related 
Facilities" (WASH-1250, Dec. 1972) 
purports to be a complete and can- 
did review of the nuclear fuel cv- 
cle. Safeguards and diversion are 
not discussed: plutonium toxicity 
is not discussed. The discussion of 
hazards of exposure to ionizing 
radiation bears little evidence that 
the authors of this report ha\ e been 
awake for the past several years. 

There is no mention of WASH- 
740 ("Theoretical Possibilities and 
Consequences of Major Accidents 
in Large Nuclear Power Plants," 
1957) and maximum potential acci- 
dents. There is no discussion of the 
Price-Anderson Act and its impli- 
cations. These are only a few of the 
shortcomings of WASH- 12.50, And 
this is the report which states that 
its purpose is to "inform the pub- 
lic .. . to place before the public, 
hopefidly in a manner understand- 
able to the reasonably informed lay- 
man, a fairly comprehensive state- 
ment of fact, along with some his- 
tory and j)olicy considerations, 
regarding the safelv and enxiron- 
mental aspects of nuclear power 
reactors and their support facilities." 

It is my opinion that the cases 



discussed in The Nuclear-Power Re- 
bellion are only opening skirmishes 
in the efforts of citizens to protect 
themselves from the actions of the 
AIE. The issues addressed to date— 
the adequacy of radiation standards, 
routine releases of radioactive 
wastes, storage of high-level wastes, 
and the matter of protection against 
major accidents— are certainly ma- 
jor issues, and issues which pose 
enormous hazards. Except for mod- 
ern weapons, they present more 
serious hazards than those present 
in any other industry or human ac- 
tivity. Even so, however, they are 
of less concern than the issues which 
only now are coming into the nu- 
clear debate, namely the implica- 
tions of the need for near-totali- 
tarian control, as the nuclear indus- 
try expands, of the inability of in- 
dustry to successfully contain plu- 
tonium, of the ability of terrorist 
groups to obtain and release plut- 
onium and, finally, of the possi- 
bility of diversion of plutonium 
and other special nuclear materials 
into unauthorized channels, nation- 
al or sub-national, for the fabrica- 
tion of nuclear bombs. 

Increasing numbers of individuals 
appear to be coming to the conclu- 
sion that the .AEC is utterly incap- 
able of acting to protect the public 
health and safety or to act as even 
a brake on the uncontrolled pro- 
liferation of nuclear facilities. The 
publication of VVASH-1250 should 
serve to dispose of any lingering 
doubts. In his cogent analysis of 
the Vietnam conflict David Hal- 
berstam observes: 

Nor had they, leaders of a democ- 
racy, bothered to involve the peo- 
ple of their country in the course 
they had chosen: they knew the 
right path and they knew how 
much could be revealed, step by 
step along the way. They had 
manipulated the public, the Con- 
gress and the press from the start, 
told half truths, about why we 
were going in, how deeply we 
were going in. how much we were 
spending, and how long we were 
in for. When their predictions 
turned out to t>e hopelessly inac- 
curate, and u hen the public and 
the Congress, annoyed at being 
manipulated, soured on the war, 
then the architects had been ag- 
grieved. iHalberstam, The Best 
and the Brightest (New York: 
Random House, 1972). I 

When the history of the rush to 



atomic power is finally written, 
it may include a similar, sorry com- 
mentary on the developers and pro- 
moters of the "peaceful atom." 

In closing, I borrow from a talk 
at the University of Minnesota 
given by physicist Donald Geesa- 
man of the University of California: 

A complex and sophisticated so- 
ciety must bear the burdens of 
vulnerability and constraint that 
are inherent in its technologies. 
The Atomic Energy Act of 1954 
and subsequent legislation has 
brou^t nuclear technology into 
the purview of the commercial 
sector. Under the civilian nu- 
clear energy program nuclear ma- 
terials will bMome vital elements 
in human commerce. They will be 
very special elements of commerce, 
and they will warp many of our 
existing institutions beyond recog- 
nition. 

Nuclear fuel is simply not an 
ultra-higfa grade of fuel oil: it is 
something quite distinct and ex- 
traordinary. Few people aeem to 
visoerally understand tills; one 
who does is Alvin Wdnberg, di- 
rector of the Oak Ridge National 
Laboratory, who reflected: "We 
nuclear people have made a 
Faustiui iMurgain with society. On 
the one hand we offer— in the 
catalytic burner— an inexhaustible 
source of energy. . . . But the price 
that we demand of society for 
this magical energy source is both 
a vigilance and longevity tA our 
soda] institutions that we are 
quite unaccustomed to** ("Social 
Institutions and Nuclear Energy,** 
Science. 177 (July 7. 1972). 27). 

Another is Hannea Alfven, 
Nobel laureate, who wrote: "Fis- 
sion energy is safe only if a numbw 
of critical devices work as they 
should, if a number of people in 
key positions follow all their 
instructions, if there is no sabo- 
tage, no hijacking of the trans- 
ports, if no reactor fuel processing 
plant or reposiUwy anywhere in 
the world is situated in a region 
of riots or guerrilla activity, and 
no revolution or war— even a 
'conventiona]' one— takes place 
in these regions. The enormous 
quantities of extremely dangerous 
material must not get into the 
hands of igrnorant people or des- 
perados. No acts of God can be 
permitted" ("Energy and Environ- 
ment.** Bulletin, May 1972). 

Dr Abrahamson, a physi- 
cian and physicist, is associate 
professor of public affairs and 

director of the Center for 
Studies of the Physical En- 
vironment at the University 

of Minnesota. 
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ALBERT EINSTEIN 
Philosopher-Scientist 

Such a modest man and yet an 
intellectual giant. Here is a book which 
Einstein was proud of, and gave to his 
friends. 

"This book is so complete that it is 
likely to remain the standard work of 
the great philosopher in the light of 
contemporary knowledge." 

(Journal of the Franklin Institute) 

"The publication of this book is an 
event of major importance for 
philosophy and science. The most 
valuable contribution is Einstein's (one 
and only) autobiography ... a natural 
and fascinating description of the 
growth of his ideas." 
Sir Edmund Whittaker (Scientific 
American) 

Contents: 

• Einstein's Autobiography 

• Critical analysis and evaluation by 
25 scholars and scientists — among 
ihem Bohr. Born, dc Broglic, von 
Laue and Pauli 

• Einstein's reply to his critics 

• Comprehensive bibliography 

• Third edition, 1969 xviii+781 pages 

For Discriminating Collectors 
A limited number of leatherbound. 
deluxe, numbered, uncut, boxed, and 
Einstein-autograplied first edition 
(1949) copies are now on sale. Only 760 
in print. A truly magnificent and 
valuable gift for the lover of fine books. 

1 ^ Order with the coupon below: . 

Open Court Books 

Box .^99 AS5 La Salic. 111. 61301 
I'Icasc send postpaid the following 
I inslcin volumes. M\ pavmcnl is 
enclosed, 

□ C lolhhound Sl.s.OO 

□ Paperbound (2 volumes) 6.9() 
Q l imited I dilion 29.S 00 

Name - 

.Address 

V Zip J 
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20th Century 
Scientific 
Cloisters 

"Think Tanks," by Paul Dickson. 
Atheneum, New York, 1972. 370 
pages. $10. 

Reviewed bv 
LOUIS F. GORR 

The think tank is the culmination 
of America's tradition of can-do 
technology. Yet among the general 
public it is perhaps the least under- 
stood aspect of modern technology. 
Popular stereotypes of the think 
tank include ev erything from the ac- 
curate to the fanciful: It is a coven 
of Strangelovian characters intent 
on destroying the world. It is a brain 
trust isolated from the realities of 
everyday life. It is an elitist conglo- 
merate occupying some ill-defined 
position between the campus and the 
corporation. It is attacked from the 
right as a haven for pointy-headed 
intellectuals and from the left as a 
symbol of the military-academic 
complex. Even the notoriety of 
Daniel EUsberg and his Pentagon 
papers and the student riots on cam- 
puses harboring military research 
units have done little to make the 
think tank understandable. 

Paul Dickson has thus performed 
a distinct .service in writing this 
book. By assembling a mass of detail 
about the think tank he has stripped 
away much of the mystery surround- 
ing it. And he has provided a work- 
able and convenient way of examin- 
ing its function in the development 
of modern science/technology. 

Other than a few scholarly mono- 
graphs and a vast number of arti- 
cles in specialized journals Dick- 
son's book is the only readily avail- 
able source of information on the 
subject. That there has been at least 
a fairly wide.spread desire for in- 
formation is evidenced by the fact 
that this book realized a second 
printing shortly after its publica- 
tion. Few books on such arcane sub- 
jects as technology and public policy 
can make an equal claim. 

Collectively, think tanks are mem- 
bers of the new knowledge industry. 
"Clean" factories, they are purely 



qualitative, and their output and 
impact are impossible to measure by 
numerical standards. Think tanks 
are the bane of the disciples of sci- 
entific management and statistical 
qualify control. An automobile man- 
ufacturer can point to x-number of 
cars assembled, and an oil company 
to y-number of barrels produced. 
Ideas cannot be measured in such 
quantitatively simplistic ways. Prob- 
ably the only gauge— and it is a far 
from accurate one— of the size of 
the research industry and its impact 
is the amount of money spent each 
year on research and development. 

R&D is the ubiquitous term used 
to describe the think tank. It is a 
suggestive one and tells a great deal 
about the think tank as well as about 
modem science and technology. In 
modern jargon the two words are 
used together, seldom separately, 
and indicate the melding of science 
and technology. In the modem 
world the traditional distinctions 
between science and technology 
have been blurred. Where once 
science meant research, and tech- 
nology meant development, today 
there is technological research and 
scientific development. - Qualifying 
terms, such as basic science and ap- 
plied science, have been coined to 
describe the new functions of science 
technology. The think tank has 
been at the vanguard of these chang- 
ing roles, and Dickson devotes con- 
siderable space to discussing the re- 
lationships. 

Dickson uses the standard defini- 
tions throughout the book: Basic 
research is the exploration of the un- 
known, "the desire to pursue know- 
ledge for its own sake." Applied re- 
search is directed "toward fulfilling 
a stated need." Development is "the 
systematic use of basic and applied 
research for the creation and pro- 
duction of tangible objects, systems, 
methods and materials." Thus a 
chemist trying to find out all he 
could about a certain compound 
would be doing basic research. Ap- 
plied research would begin when he 
attempted to determine whether the 
compound would curb a disease, say, 
cancer. The chemist would enter the 
development stage when he refined 
his compound for preparation in 
mass quantities to control the di- 
sease. To varying degrees and in 



varying guises all three functions 

are present in the think tank. 

There is an additional function of 
the think tank however, and that 
is the exploration of how the find- 
ings of science/technology will af- 
fect public policy. Investigators in 
the think tank explore the broadest 
possible questions: How many citi- 
zens can safely and economically be 
cared for in the aftermath of a nu- 
clear attack? (Herman Kahn's no- 
torious think tank which produced 
On Thermonuclear War asked that 
question.) How can a new constitu- 
tion be written for the United States 
to account for the many changes in 
government since 1789? (This is a 
favorite project of the Center for the 
Study of Democratic Institutions.) 

Mother Rand 

In 1969 the National Science 
Foundation determined that there 
were over 11,000 research institu- 
tions in the United States. Twenty 
years earlier there was but one— the 
Rand Corporation (an acronym for 
research and development), called 
"Mother Rand" by Dickson be- 
cause it was the prototype of all the 
following think tanks. But not all 
research institutions can be called 
think tanks. According to Dickson, 
the think tank is distinguished from 
other, superficially similar insti- 
tutions by its operation. An ordinary 
research institution has a specific 
goal or set of goals; its operation and 
role are directed toward the achieve- 
ment of that goal. By contrast, says 
Dickson in a useful definition, the 
think tank: 

•. . . has no set pattern of financial ob- 
jectives or affiliation; nor is it a com- 
mission or special group with a tempor- 
ary assignment. The crucial determinant 
is its role. The primary function of a 
think tank ... is neither traditional basic 
research, applied research nor develop- 
ment— althouKh all three are commonly 
performed in think tanks — but to act as 
a bridge between knowledge and power 
and between science/technology and pol- 
icy making in areas of broad interest. 
Thoy arc closer to being agents of new 
knowledge and discovery than creators 
of new knowledge. 

There are further characteristics 
of think tanks that set them apart 
from other research institutions. 

The think tank is oriented toward 
the use of scientific methodologies 



—operations research, systems 
analysis and the like. Rand pio- 
neered in the development of PPBS 
— the planning, programining, and 
budgeting system for efficient man- 
agement control— for the military. 
Now PPBS is a commonplace sys- 
tem in many public and private in- 
stitutions. 

The think tank is almost always 
transdisciplinary and multidiscip- 
linary. The Institute for Defense 
Analysis, for example, draws from a 
pool of experts in all the sciences, 
social sciences, history and mathe- 
matics. The think tank has great 
freedom in defining and solving 
problems. The celebrated study in 
the early 1950s by Rand is a classic 
example of the think tank's freedom. 
The Air Force asked Rand to deter- 
mine the most effccti\ e distribution 
of air bases overseas for maximum 
deterrent capability. The project 
director, Albert Wohlstetter, began 
by questioning the validity of the 
basic assumption — that overseas 
bases were needed. Mathematically, 
he and his colleagues discovered 
that maximum deterrence would be 
achieved by a network of domestic 
bases. The Air Force was scandal- 
ized but soon agreed with the find- 
ings. 

Of the 600 think tanks there are 
about 75 Federal Contract Research 
Centers. Among others, the Rand 
Corporation and the U.S. Office 
of Education's Center for the 
Advanced Study of Educational 
Administration are quasi-public 
organizations, conducting research 
for a patron governmental agency. 
One Defense Department official 
compared these institutions and 
their connections with the govern- 
ment to that of film stars and their 
analysts. 

Other think tanks exist within the 
government itself. The White 
House's Goals Research Staff and 
the Army's Institute for Land Com- 
bat are two of the better known of 
these. They undertake long-range 
policy studies and the exploration 
of future alternatives. 

Also qualifying as think tanks 
are some 200 nonprofit research 
groups. They are independent or 
university-affiliated organizations, 
such as the Battelle Memorial Insti- 
tute, the Hudson Institute and the 



Stanford Research Institute. These 
and some 300 other think tanks think 
for a fee. Firms such as Arthur D. 
Little, System Development Cor- 
poration and Operations Re.scurch, 
Inc., have thought up such diverse 
items as the aerosol can, bus sched- 
ules to Reno's Ilarrali's gambling 
club and counter-insurgency tac- 
tics. The Stanford Research In.sti- 
tule has accepted jobs from both 
Israelis and Arabs. As its president 
commented, "We're not crusaders." 

Finally there is a snuiil handful 
of think tanks devoted to the study 
of a particular problem or kind of 
problem. L^ually governed by a 
point of view— a feature noticeably 
absent from the other think tanks 
— these groups are reliant on the 
public, foundations, direct mail 
solicitations and other sympathetic 
individuals and groups. Some of the 
better known examples of these hard- 
working and poorly paid organiza- 
tions are the Brookings Institution, 
the Center for the Study of Demo- 
cratic Institutions and Ralph Na- 
der's Center for the Study of Re- 
sponsive Law. 

soil Unknown Problems 

Dickson includes a lengthy dis- 
cussion of each category of think 

tank and provides plentiful ex- 
amples of each . Throughout t he book 
are assessments of the studies he men- 
tions and of the think tanks produc- 
ing them. 

Think Tanks is an adniirablv ob- 
jective book; it is the product of a 
journalist writing under a grant 
from the American Political Sci- 
ence Association. But one is con- 
stantly aware of a slight bias against 
think tanks as he reads along. Dick- 
son tends to emphasize their danger 
to modern life rather than their pos- 
itive contributions. It is true that 
several think tanks have created 
modern hazards by toying with wea- 
pons, war games and murderous 
chomionls Rvil it is equally Inie 
that in these uniquely twentieth cen- 
tury scientific cloisters will be found 
solutions for still unknown problems. 

Mr. Gorr, a historian of tech- 
nology, is currently assistant to 
the director of the Smithsonian 

Institution 's National Museum 
of History and Technologv. 
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CommimiGatlons 

(Omttnued from page 4t 

lumping together missile-amied 

and p;un-carry'inf>; ships is mis- 
leading. We had no intention of 
making a detailed comparison of 
the ships of the two fleets. In 
Table 2 we do di5ting;ui5h Soviet 
ships accordinfi to armament car- 
ried, and in the case of submarines 
break this down by number of mis- 
siles per ship. 

We are accused of resorting to 
the "numbers game" ourselves with 
respect to our comparison of Soviet 
and U.S. cruisers and frigates. Our 
introductory sentence to that sec- 
tion reads, "This question of cruis- 
ers and frigates provides an apt ex- 
ample of how cavalierly one can 
play the 'numbers game' in compari- 
son of great-power armament capa- 
bilities." What follows, and what 
Polmar calls our numbers game, is 
merely the promised example. Con- 
cerning the Kashin class vessels that 
Polmar could not find among the 
frigates listed in our table; they 
are listed in the destroyer section. 
They are there because Raymond 
V. B. Blackman {The World's War- 
ships, 1969, p. 107) calls them mis- 
sile destroyers, and because Jane's 
Fighting Ships (1972-1973, p. 620) 
also calls diem destroyers, not 
frigates. 

We are criticized for our "ludi- 
crous" comparison of U.S. and So- 
viet small craft. In the section of 
our article referred to, we state: 
"A numerical comparison between 
the United States aTid the Soviet 
Union with respect to these boats 
is meaningless. . . ." The com- 
parisons Polmar mentions in his 
letter are not in our article; they are 
his own. The only numerical com- 
parison in this section of our article 
is taken from a pro-Navy article in 
Time magazine, precisely to illus- 
trate how "ludicrous" a compari- 
son it is. The point we make in 
this section is Quite simple and 
straightforward. The lack of a large 
fleet of missile patrol boats in the 
U.S. Navy is a result of U.S. strategy, 
not technological weakness. 

Objections are made to our state- 
ment that NATO has never had or 
needed a cruise missile capability. 
The Harpoon, Penguin and Exocet 
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are cited as examples of "frantic" 

NATO efforts to develop such wea- 
pons. A little naval history is rele- 
vant here. In 1955 the United States 
deployed the Regulus I, a jet power- 
ed cruise missile. It was not until 
1958 that the first Soviet cruise mis- 
sile, the SS-N-1, was deployed. In 
1960 the United States had ready for 
production the Regulus II, a tur- 
bojet powered cruise missile, con- 
sidered by the Navy to be superior 
even to the Shaddock cruise missile 
in current use on Soviet ships. In 
planning was an even more power- 
ful cruise missile, the Triton, con- 
sidered superior to any Soviet 
cruise missile present or planned 
{Aviation Week and Space Tech- 
nology. Feb. 21, 1972, p. 66). All 
of these projects were abandoned 
in 1961. The U.S. Navy established 
the policy that the primary strike 
capability of the U.S. Navy, and 
hence of NATO's fleets, was to be 
invested in attack carriers, not 
cruise missiles. This policy has not 
changed, and the deployment of 
the comparatively short-range mis- 
siles referred to by Polmar cer- 
tainly does not change it. 

With respect to the use of Soviet 
cruise missiles against U.S. mer- 
chant ships, our contention was and 
is that in a planned attack on l".S. 
merchant ships the cruise missile 
submarines would stand idle. To 
successfully destroy U.S. shipping, 
the Soviets must have the ability 
to attack these vessels while simul- 
taneously deterring or neutralizing 
any counteraction by U.S. carriers. 
Since cruise missile submarines are 
the most effective deep water wea- 
pon in the latter role, it is logical 
that they will be SO used. To state 
merely that our view is "outdated" 
is hardly a substitute for a convinc- 
ing alternative analysis. 

Polmar criticizes our presentation 

of the relative building rates of 
NATO and Warsaw Pact countries. 
While he does not dispute our data, 
he implies that the last 3 years of 
construction is the relevant time 
period. Perhaps. W^e chose to quote 
the 5 and 10 years summaries con- 
tained in The Military Balance 1971- 
72 (Institute for Strategic Studies). 
On the whole subject of construc- 
tion, age and armament, Polmar and 
the ISS also differ. The ISS in its 



most recent analysis states: "as far 
as surface na\LiI vessels are con- 
cerned it [the table] also shows that 
the NATO countries have generally 
been out building the Warsaw Pact, 
quantitatively and often qualitative- 
ly" (The Military Balance 1972- 
1973, p. 92). 

We disagree with Polmar on how 
well-informed the public is on mat- 
ters of budgetary commitments to 
new weapons systems. Except for 
the excellent analyses being made 
by a few Senators and by groups 
such as the Center for Defense In- 
formation in Washington, D.C., 
there is little effort being made, we 
feel, to educate the public on these 
issues. Few U.S. citizens have ever 
seen, much less waded through, the 
informative volumes of Congres- 
sional hearings on Department of 
Defense appropriations. Govern- 
ment and military officials, since 
they are the source of much data, 
have the especially heavy responsi- 
bility of presenting information to 
the public. When they shirk this 
responsibility by resorting to lies, 
half-truths and secrecy classifica- 
tions they are preventing rather 
than encouraging a balanced dis- 
cussion of the issues. 

Finally, we are asked, "What is 
wrong with the Navy receiving the 
largest share of a budget.'" A more 
important question, we feel, is 
"What justification does the Navy 
give for this large slice of the budg- 
et.'" We insist that approval for 
naval modernization be based on 
more than vague phrases such as 
"maintaining our superiority at 
sea," or on simple numbers game- 
type arguments. The ULMS system, 
about which Polmar writes at length, 
is an excellent example. In our 
paper we presented a few of the 
"public" rationales advanced to 
justify its deployment. We then 
quoted Melvin R. Laird (then Sec- 
retary of Defense) as directly con- 
tradicting the key public reasons 
given for ULMS deployment. Oiu* 
conclusion was that if these reasons 
were the only ones advanced for 
ULMS deployment, then that de- 
ployment was not justified. 

Richard D. English 
Dan I. Bolef 

Washington University 
St. Louis, Mo. 
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